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PREFACE 

WHATEVER kind of farming a man is going in 
for, he depends in the last instance either on 
his own soil or on somebody else's, and unless he 
thoroughly understands the principles of soil manage- 
ment he will not be very successful in the crop produc- 
tion part of his work. These principles can of course 
be acquired by experience, but the process is likely 
to be costly, and the young farmer of to-day is invited 
to attend Farm Institutes or Colleges where he can 
be taught them and be thus spared some of the bitter- 
ness of the older method. By learning something 
about the soil and about fertihsers he will be in a 
position to attain greater success in his farming. 

But the man who simply studies the subject to 
make a little more money will miss nine-tenths of the 
pleasure of the work and of the joy of farming. The 
soil is to be regarded not simply as a mine out of which 
a httle wealth may be extracted, but as a part of 
Nature, just as wonderful and as worthy of study 
as any other part. Whether one is dealing with it« 
history before man appeared on the scene, the changes 
that long generations of farmers have brought about, 
its remarkable structure or the infinite wonder of its 
microscopic inhabitants, it presents at least as interest- 
ing a study as anything else in this wonderful world 
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vi Preface 

of ours. The man who has leamt to see something 
in the aoil will have a better time at farming, even if 
he makes no more money, than the man who has not, 

I hope the student will carry out the experiments 
given here as well as those given in my earlier Lesaons ' 
on SoU. The analytical metho<b are put in the 
Appendix for the convenience of those who want 
them; it is not intended that all should be carried 
out by the student but only such (if any) as may be 
desirable. I have assumed no knowledge of chemistry : 
all the same the student will need some chemical 
explanations, but these must be supplied by the 
teacher. The vexed question of how much pure 
chemistry is needed for an agricultural course admits 
of no general answer: the teacher alone can settle 
the matter for his own case and to him therefore the 
decision is left. 

To my colleague Dr Hutchinson I wish to tender 
my , best thanks for the care he haa bestowed on the 
photographs for the book. 

E. J. R. 

ROTHAMSTED EXPEBIWBNTAL STATION, 
HAIlPBa«>EN. 

October 191S. 
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PART I 

AN ACCOUNT OF THE SOIL 
CHAPTER I 

WHAT THE PLANT WANTS FROM THE SOIL 

It is impossible for anyone to know all about 
any natural object, however simple it may appear, 
A wheat plant looks at first sight as if it were an easy 
thing to study, yet in spite of years of work a chemist 
would have to confess himself unable to give a complete 
accoimt of the substances it contains, a botanist 
would have to admit that much of its structure is 
unknown to him, and a physiologist would acknowledge 
that he ie unacquainted with a great deal that is 
fundamentally important to its life-history. And so 
it is with the soil. Chemists, geologists, bacteriologists 
and others have all studied it, but those who have 
done most would be the first to admit that we really 
know very little about it, and much still remains 
to be discovered. 

The fanner or the gardener is chiefly interested 
in soil as the place where his plants grow, and this 
aspect of the soil, its relation to plant growth, is 
particularly investigated in agricultural laboratories. 
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Before it" can' seriously be studied we must first know 
what tlie plant wants from the soil : we can then 
proceed to see how and in what way the soil fulfils 
these requirements. It is the business of plant physio- 
.logistB to ascertain what the plant wants, and we must 
therefore start out with the information they have 
provided which, however, we must teat for ourselves 
before we finally accept it. 

Six conditions or factors are known to be necessary 
before the plant will make good growth : the soil 
must supply a suitable amount of: (1) food, (2) water, 
and (3) air; (4) it must be at a proper temperature; 
(5) there must be enough of it to afford adequate 
root room ; (6) it must be tree from injurious' substances 
or pests. What is exactly a suitable amount cannot 
be stated beforehand but can only be found out by 
trying ; because different plants, and even different 
varieties of the same plants, have different require- 
ments. Thus an azalea needs all the six conditions 
and so does a barley plant, but the suitable amount 
is very different in the two cases. It is unfortunate 
that no one has yet discovered any way of finding 
out the suitable amounts simpler than actual trial 
because this particular method, though it looks 
straightforward, is really very cumbersome and hable 
to give misleadii^ results as we shall see later on. 

All these six conditions are wanted and no one 
of them can take the place of any other. If a plant 
is dying for lack of water it will not recover by receiving 
more food or more air. A proper supply of aU the 
factors must be maintained, and if any one is insufficient 
the plant suffers. This proposition looks simple 
enough but the student must fix it carefully in his 



itizecy Google 



OH. i] " Limiting Factors 3 

mind because it really lies at the foundation of all 
our work. It is convenient to use a special name 
for the lacking condition, the insufficiency of which 
is preventing the plant from making better growth, 
and to speak o£ it as the " limiting factor." Thus 



Pot No. i; 65 .63 

Fig. 1. Tomatoes growing on a, light Band with varying food supply. 
Pot 47, without manure. Pot SO, one dose of manure. 
Pot 63, two doses of the same manure. 

on a dry chalky soil the water supply is often the 
limiting factor; if more water is got into the soil 
a bigger crop will be obtained. In the cold summer 
of 1912 the temperature was on many farms the 
limiting factor; had the days and nights been hotter 
the plants would have made more growth. On poor 

1—2 
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Fig. 2. Effect of inoreoBing 
dressings of f ertiliBers on the 
yield of wheat, Bi-oadbalk, 
Eothamated. 

Plot 3. No manure. 

Plots. Manure complete ex- 
cept for one constituent — 
Nitrogen is omitted. 

Plot 6. Complete manure con- 
taining 43 lbs. Nitrogen per 

Plot 7. Complete manure con- 
taining 86 lbs. Nitrogen per 

Hot 8. Complete mannre con- 
taining 129 Ibe. Nitrogen per 
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Pot No. IT 19 21 ! 

Fig. 3. TomatoGa grown in good soil, all eqnsiUy manu 

receiving different quaqtities of water. 

Pot 17. No water added. 

,. It). 5 per cent, added, and the moisture then kept 

„ 21. 10 per cent, added 

„ 24. 12i per pent added 



Pot No. 47 55 63 73 79 

Fig. 4. Tomatoes supplied with increasing doaes of manure. 

Pot 47. No manurti. 

Pots 65 to 79. Inoreaaing dressings of manure. This increases the 
amount of growth up to Pot 72 but it depresses growth in Pot 79 
where too mucli is given. The middle pot, 63, is beat for fruit. 
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soils the food supply ia the limiting factor, and addition 
of more food in the form of manure will increase 
the crop. The problem of succeseful management 
of Boil fertiUty resolves iteelf into finding out what 
is the limiting factor and then correcting it as cheaply 
tmd completely as possible. This is easy enough on 
paper but often difficult in practice. 

It is a general rule that if any one of the necessary 
factors is increased in amount there will be an increase 
in crop growth. This is shown in Fig. 1 Ulustrating 
three pots of tomatoes growing in the same soil, sown 
at the same time and treated alike in every respect 
except one. The soil is a very light sand; in one 
pot there has been no addition of plant food; in the 
second the crop has received a dose of manure, and 
in the third it has received a larger dose. A similar 
result is obtained in the field as shown in Fig. 2 ; 
the shortest wheat plant is a representative specimen 
of the crop on the unmanured land; the next plant 
shows what happens when an almost but not quite 
complete manure is added ; the third shows the marked 
gain when one dose of complete manure is given; 
next comes the efEect of two doses ; and the last shows 
the effect of three doses. In all cases an increase 
in the amount of plant food has led to an increase 
in the crop. 

Very similar results are obtained when the water 
supply is varied. In Fig. 3 are shown tomato plants 
growing in a good soil, sufficiency and equally manured, 
and under the same favourable conditions of light, 
temperature, air, etc. All the conditions, excepting 
one, are the same for all pots : the water supply 
only varies. When only little water is given the 
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growth is poor in spite of the presence of food and 
the favourable temperature and light conditions ; when 
more water is added there is better growth; finally 
with adequate water supply growth is really good. 

But growth will not go on indefinitely. A limit 
is reached sooner or later beyond which the plant 
will not make any more growth no matter how much 
food or water is given. Indeed it is easy to overstep 
the limit and give too much so that the crop actually 
suffers. This has happened in the experiment recorded 
in Fig. 4. Here, as in Fig. 1, tomatoes are shown 
growing in soils provided with different amounts of 
manure. The first and second doses of manure resulted 
in an increased crop : the third dose caused no further 
increase : while the fourth actually caused a decrease, 
the excess of food now acting as an injurious substance. 
This is well seen also in Pots 27 and 36, Fig. 5 (top 
row). 

The limit reached in any particular instance, 
however, is not necessarily the best growth that can 
be obtained. It may be set by the insufficiency of 
water, of temperature, etc. Fig. 5 shows in the upper 
part a set of tomato plants suppfied with successively 
increasing amounts of manure and 5 per cent, of water ; 
in the middle a set supplied with the same amounts 
of manure and 10 per cent, of water ; and in the lower 
part a third set also receiving the same quantities of 
manure but 12-5 per cent, of water— this being as 
much as the soil would hold. The limit of- growth 
reached in the first case is clearly due to a deficiency 
of water, for it is raised considerably when more 
water is added. But a still further increase in the 
supply of water does not lead to more growth, the 



itizecy Google 



An Accouut of the Soil [ft. i 



6 per cent, water. 



otNo. 7 15 24 33 38 

12J per cent, water. 
Fig. S. Tomatoes grown in soil receiving successively increasing doses 
of manure in pots passing from left to right. Pots 3, 5. 7, do 
manure; Pots 36, 38, 39. t«n doses manure. 

Top row : moisture maintained at 5 per cent. 
Middle row : „ „ 10 

Bottom row: „ „ 12} „ 
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Qualitative Differences 



limit being now set by something else. It is possible 
that by increasing the temperature or the root room 
we could get more growth out of this last seriea, but 
the process comes to an end before long and the final 
limit is set by the sheer inability of the plant to grow 
any bigger. If larger crops are wanted it becomes 
necessary to try some bigger 3aelding variety, i.e., 
some plant that has got more power of growth. 





Fig. 6, Curves showing weights of crop produced with varyii^ supplies 
of water and 0, *01 and *02 grama of nitrate of soda per pot. 

All these results are shown in the curves of Fig. 6, 
But there is something more than actual growth. 
The student who carries out the experiment will observe 
that some of the plants differ very much in appearance 
and agricultural or horticultural value even when 
their weights are not unlike. Between Pots 3 and 7 
- (Fig- 5), for instance, there are great differences in 
appearance and habit of growth. Pot 3 {5 per cent. 
of water and no nitrate) contains sturdy plants capable 
of great development if transplanted into more favour- 
able conditions, while Pot 7 (12J per cent, water 
and no nitrate) contains " leggy " plants that would 
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never be of any value. Similarly the wetness of the 
soil affects the root development: in a dry soil there 
is more root than in a wet one : von Seelhorst showed 
that barley growing in a soil watered only to half 
it« full water-holding capacity produced twice as much 
root as when the water was maintained at three- 
quarters the full capacity. These differences are highly 
important from the practicaJ point of view but they 
are much more difficult to investigate than mere 
cluinges in weight. 

From these and similar experiments we may deduce 
three general principles of the highest importance in 
the study of soil fertiUty : 

(1) Six separate soil factors are necessary for the 
successful growth of the plant: there must be an 
adequate supply of food, water, air, a suitable tempera- 
ture, sufficient root room and an absence of harmful 
substances. If any of these conditions is not compUed 
with the plant fails to grow well : the lacking condition 
is called the limiting factor and it must be suppHed 
before further growth takes place. 

(2) By increasing the supply of any of the factors 
necessary for the plant (food, water, temperature, 
etc.) an increase in growth is obtained. But a Umit 
is sooner or later reached beyond which further growth 
will not take place. Additional increases in the food, 
water supply, temperature, etc. may do positive harm. 

(3) When a crop has been increased by improving 
one of the soil conditions {e.g., the food supply, water 
supply, etc.) it is always possible that some other 
factor which sufficed for the original crop is no longer 
sufficient for the new and larger crop. Thus a Umiting 
factor comes into play and prevents the fanner from 
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getting as large a return as he ahould from his outlay. 
It is therefore neceseary in all cases where land has 
been improved to see that the screwing up of efficiency 
has extended to all the six soil conditions, and finally 
to see if some new variety of crop with lai^er power 
of growth cannot be obtained that will do even better 
than the best of the old varieties. 



What is plant food ? 

In a general way the grower knows that he feeds 
his plants when he gives them stable manure, liquid 
manure, soot, bone meal and other substances. The 
fist of plant foods is very large, indeed probably 
larger than that of animal foods. When, however, 
these foo<^ are examined by the chemist they are 
found to owe their value to the presence of six sub- 
stances: nitrogen, phosphorus, potassium, calcium, 
sodium, and magnesium. These therefore represent the 
essential constituents of the foods supplied. Closer 
investigation has shown that in addition sulphur, 
iron, and probably small quantities of other substances 
are needed. These eight or nine elements are commonly 
spoken of as the nutritive elements. They can only 
be utilised when they are combined in some way, and 
as a rule it is in the form of soluble salts that they 
are actually taken up by the plant. Thus the nitrogen 
is commonly taken in the form of nitrates or ammonium 
salts ; phosphorus in the form of phosphates ; potassium, 
calcium, and magnesium in the salts of these metals. 
All these substances occur in the soil, and they are 
often spoken of as plant food. 

It must be admitted that the term is not entirely 
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above criticism, because we do not know that all 
the substances which enable a plant to grow bigger 
are really foods in the ordinary sense of the term. 
Indeed there is physiological evidence to show that 
they are simply the raw materials out of which the 
food is made by the plant for its own use. Further, 
by far the greater part of the material of the plant 
is derived from water, carbon dioxide, and oxygen, 
substances which come from the air and do not figure 
at all in the above list. But the term survives because 
of its convenience. 

In later chapters we shall discuss the effect of the 
various substances on the plant. For the present it 
is sufficient to point out that each individual constituent 
element is subject to the same laws as any of the 
other soil factors : each must be present to the proper 
extent, and lack of Einy one cannot be made good 
by putting in more of any other. When a soil is 
deficient in plant food it need not necessarily receive 
a complete food: often only one or two constituents 
are required. The discovery of this fact completely 
revolutionised the practice of manuring and has 
enabled farmers to maintain and even to increase 
the efficiency of their soils as crop producers at a 
minimum of cost. Such partial manuring, however, 
has obviously to be done intelligently or an insufficiency 
of something that has been left out may operate as 
a Umiting factor and prevent the crop making proper 
growth. In order to understand the principles involved 
it is necessary to make a careful study of the soil 
and of the different manures in common use. 
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CHAPTER II 

THE COMPOSmOK OF THE SOIL 

The reader must often have noticed in walking 
along a lane after a heavy rainfall, that the water 
streaming down a bank has washed away the soil 
in a somewhat mieven manner, leaving behind the 
grit and small stones but carrying away the rest. 
In following the course of such a streamlet one observes 
that at certain points a smooth cake is formed which 
cracks as soon as it begins to dry, and is much more 
sticky and clay-like than the original soil. Closer 
observation shows that the original soU has been 
separated into various constituents by the running 
water, the heavier coarser particles being left behind 
while the finer hghter particles are carried on. 

This effect of a flowii^ stream has suggested a 
method for analysing soil that has proved extremely 
valuable and is Isirgely adopted by soil investigators. 
It consists in allowing a stream of water to flow over 
the soil and to sort out the particles according to their 
degree of fineness. One form of the apparatus for 
doing this, designed by Nobel, is illustrated in Fig. 7. 
25 grams of the soil are put into the smallest of the 
pear-shaped vessels A, and water is run in. As the 
vessels are of different diameters the water flows 
through them at different rates, going most rapidly 
through the narrowest and most slowly through the 
widest, D. When it runs rapidly it carries away 
the fine material leaving only the coarse : when it 
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goea more slowly it depoaits some of the fine material. 
Hence after a time the aoi! put into the apparatus 
has become sorted out into grades, the coarsest particles 
only remaining in the smaUest vessel A, while the 
other portions of successively finer particles are dis- 
tributed over the larger vessels B, G, and D, till finally 
the smallest particles of all get washed out into the 
large vessel E. 




Fig. 7. Nobel's apparatus for sorting oot toil particles. 



Instead of allowing the water to flow over the soil 
the separation may equally weU be brought about 
by allowing aoU to fall through water. A simple 
apparatus devised for the purpose by J. Alan Murray 
is shown in Fig. 8, A long glass tube about 50 ins. 
long and one inch wide is fitted by means of a wide 
piece of rubber tube to a 200 c.c. Erlemneyer flask 
with a neck one inch wide containing 5-10 grams 
of soil. The flask is half-fifled with water and v^orously 
shaken so as to break up the soil, then it is almost 
completely filled with water and attached to the long 
tube. The whole apparatus is now filled up with 
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water and inverted in a vessel of water. Instantly 
the soil begins to tumble through the water, but some 
of it falls more quickly than the rest. The large 
coarse particles reach the bottom of the tube very 
quickly and form a little layer there, or, if the tube 
is left open, they can be collected in a small dish. 
Next oome the small but still coarse 
particles. After these the fine particles 
begin to come down and at the end the 
finest of all settle as a hght mud. 

More refined methods are in use in 
analytical laboratories. The lumps of 
soil are first broken down by a wooden 
pestle and then by treatment with very 
dilute acid followed by anmionia. Next 
the soil is passed through sieves of known 
dimensions which sort out the particles 
of a certain size. Finally it is stirred 
up in a column of water of measured 
height and allowed to settle for a certain 
time. The details of the method are 
given in the Appendix, and the student 
is advised to carry out an analysis of 
a soil with which he is familiar. It 
can be shown mathematically that the 
speed with which a particle sinks through 
the column of water is proportional to 
the square of its radius, hence the method enables us to 
grade the particles according to their size. Numerous 
investigations have brought out the remarkable fact 
that the soil contains many particles as small as jag i flao 
inch in diameter, while the largest particles in the 
fine earth are only some ^ inch in diameter. StiU 



Fig. 8. Murray's 
apparatus for 
sorting out soil 
particles. 
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more remarkable perhaps is the fact that no natural 
division usually occurs between the various con- 
stituents ; the particles merge by imperceptible grada- 
tions from the very coarsest to the very finest. It 
ia convenient to make divisions for the purpose of 
analysis and investigation, but we must not forget 
that they are entirely arbitrary and have no existence 
in nature. In this country the following grades are 





Diameter of particles 


Stonea .. 


. . Above 3 mm. 


Gravel . . 


. . Between 3 and 1 mm. 


Coarae Band 


.,1 and 0-2 mm. 


Fine sand 


.. 0-2 and 0-04 mo 


Silt 


0-0* and 0-01 m 


Fine flilt 


0-01 and 0^002 


Clay .. .. 


. . Below 0-002 mm. 



The clay on the whole possesses a certain set of properties 
and the fine silt possesses a different set. Nevertheless 
one cannot sharply distinguish the clay from the fine 
silt because a considerable amount of material occurs 
on the border line, possessing some of the properties 
of both. Wherevep the line is drawn some material 
gets included with the clay that behaves rather like 
fine silt, and other material is included with the fine 
silt that is rather like clay. It is equally impossible 
to draw a sharp distinction between the silt and the 
fine silt on the one hand, and the silt and fine sand 
on the other. Wherever hmits were selected they 
would still be open to criticism, and the groups adopted 
in this country might no doubt be improved upon. 
Nevertheless, so many analyses have now been made 
here by this method that no change would be justifiable 
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unless some great fundamental advantage would be 
gained thereby. 

The older chemists taught that soil is composed 
of two earths ; sand and clay. It is now known that 
this view is incorrect. Soil is not composed of two 
earths: it is formed of vast numbers of particles 
ranging without any break from the largest to the 
smallest, and it deBes all attempts at being subdivided 
into any rigid number of constituents. As a matter 
of convenience five or six groups are distinguished, 
hut we recognise that our grouping is arbitrary. 

The material sorted out in the above experiments 
can be used to discover some of the properties of the 
various fractions. The coarsest material on examina- 
tion is found to be hard and gritty, to dry quickly 
and to separate out readily into individual grains. 
The finest material, on the other hand, is soft and 
smooth, it dries slowly and forms a cake which cracks 
into Uttle flakes that curl up in a curious manner. 
If one of these flakes is dropped into water it falls 
to the bottom in one piece, but if it is rubbed between 
the fingers under water it breaks up into particles 
so minute that they do not settle but make the water 
turbid. 

The question at once arises ; why are the particles 
so different in size? Why are some so small and others 
so large ? An obvious answer is that the large particles 
are perpetually breaking up into little one-s and that 
the fine sand represents a sort of half-way stage between 
gravel and clay. This, however, is not entirely correct. 
The sand is made of different material from the clay, 
and we can soon see why it has not been reduced to 
so fine a state. Put into one test-tube 1 gram of the 
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sand and into another 1 gram of the clay: add 20 c.c. 
of strong hydrochloric acid to each, plunge the test- 
tubes into a beaker of boiling water and leave for an 
hour. Hydrochloric acid is a potent solvent, and 
dissolves material that is not highly resistant. At 
the end of an hour the clay is seen to yield a markedly 
coloured solution while the sand only gives a slightly 
yeUow solution : filter these and add ammonia to each 
until the hquid turns red htmus blue : the solution 
from the sand gives only a slight precipitate while 
that from the clay gives a much denser one. Thus 
we conclude that sand is much more resistant to the 
attack of acids than clay. The same result is obtained 
when the sand and the clay are exposed to the weather- 
ing agencies : the sand resists more than the clay 
and therefore is less completely broken down. Silt 
comes in between sand and clay in point of resistance. 
We must now proceed a stage further and try to 
discover how the particles got there and what their 
histqry has been. 

The origin of the soil particles 

The soil particles have originally been derived 
from the rocks, and their present state is the outeome 
partly of the nature of the rock from which they arose 
and partly of the circumstances through which they 
have passed. The original rock gradually crumbled by 
alternate wanning and cooUng and by the action of 
water or ice ; the particles formed were carried by wind, 
by streams, rivers or glaciers for a greater or less 
distance and ultimately found their way to the sea 
and there they were deposited. In course of time 
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the preesure of tHe great accumulation of material 
caused Bom© of it to be converted again into rock 
and, when the sea-tloor was uphfted to form dry 
land, this new rock thua exposed went through the 
same processes of disintegration, and again the particles 
were exposed to air, to water and to ice. Sometimes 
they remained where they were, or were carried only 
short distances : sometimes they were carried away 
a great distance. In many districts, as in Central 
and Eastern Europe, parts of Asia and of the Middle 
West of the United States {e.g. in Nebraska), wind 
was the transporting agent and the soils thus formed, 
known as loess soils, are remarkable for the narrow 
range of variation in size of their particles, the wind 
only being able to carry particles of certain dimensions. 
Over much of England north of the ThEimes, and 
the northern parts of the United States, glaciers 
carried the particles to their present position, grinding 
them sometimes almost to impalpable powder. Else- 
where flowing water was the transporting agent. 
From the moment the original rock sohdifled right 
down to the present day the particles have been 
subjected to all those influences of rain, frost, heat 
and water that are collectively summed up in the 
term cflmate. The part;icles as we find them to-day 
are largely the result of the conditions through which 
they have pa^ed. The past history of the soil has 
had an enormous effect on its present character, 
indeed in many cases th? properties of the soil were 
largely settled in geological ages far remote from our 
own. Thus the red Triasaic soils formed mainly 
under continental conditions with much wind-drifted 
material are quite distinct in character from the poor 

2—2 
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claya of the coal meaaures that preceded them or the 
grey soils of the succeeding Lias: all these differ 
considerably from the Oxford Clays and these in turn 
from the Weald Clays. 

The rock from which pjirticles originally sprang 
has also determined the character of the soil. One 
of the commonest mineral substances on the earth 
ia siHca, the chief constituent of quartz, flint, and sand. 
In these forms it is so hard that it can only be powdered 
with difficulty, it is also only very slightly soluble 
in water. The sands on the sea-shore afford sufficient 
illustration of its properties : in spite of the persistent 
hammering of the waves, the washing of the sea and 
the rain, and the exposure to all sorts of weather, 
it undergoes no perceptible change in any period 
within the memory of an individual; the sand may 
get carried away but it does not appreciably dissolve 
or break down under the influence of these agencies. 
The immediate ancestor of sand is comnaonly a sand- 
stone rock which is itself composed of grains of sand 
united by some kind of cementing material. When 
the rock was exposed to the action of the weather 
the cement got washed away and then the whole 
structure fell to pieces, grains of sand having little 
or no power of holding together by themselves. 

This great resistance of sand to the action of water 
and weather is its most striking property and gives 
rise to consequences of very great agricultural im- 
portance. It gives up little or nothing to plants 
and hence is in no sense a plant food: indeed plants 
quickly starve in it. Its particles show very Uttle 
tendency to break down and remain for the most part 
rather lai^e in size, varying, as we have seen, from 
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1 mm. (^5 in.) to 0-04 mm. (^^ in.) in diameter. 
Even the edges do not easily wear away, and the 
particles remain irregular in outline. Their large 
aize and irregular shape prevent them from packing 
very closely, and large pore-spaces are left in between. 
Consequently air gets in very easily, water rapidly 
flows through, and the sand speedily dries, at any 
rate near the surface. 

Another very important group of mineral con- 
stituents also contains silica, but in a state of com- 
bination with iron, aluminium, calcium, magnesium, 
sodium, potassium, etc., forming substances known 
as silicates. Some of these, like sand, are very resistant 
to the action of water and weather so that they remain 
as relatively coarse particles and behave agrieuiturally 
hke sand. Others, however, are more easily acted 
upon with two important results. Instead of being 
inert, like sand, they are reactive, i.e., they will Jkct 
upon various substances that may be brought in 
contact with them, such as superphosphate, sulphate 
of potash, etc. The action of water and weather 
not only rounds off any edges they may have possessed, 
but reduces them so much in size that they become 
extraordinarily small and form the particles which 
tail off from 0-002 mm. (757:^113 inch) in diameter 
to much smaller dimensions. Substances of this 
nature are the essential constituents of clay, indeed 
the j^ricultural chemist regards them as the true 
clay, any larger inert particles being simply admixtures. 

Clay is remarkable in that it can exist in two 
states; one beir^ sticky and the other crumbly or 
flocculated. A number of other substances are known 
that do the same and they are included in the class 
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known as colloids — a word that means " like glue." 
Clay is such a dominating substance that it impresses 
its properties on the soil to a considerable extent, 
hence when the clay is in the sticky state the whole 
soil becomes sticky, and conversely, when the clay 
is in the crumbly state the whole soil become crumbly. 

Practical men have long since learned that . ihs 
crumbly state is good for plants while the sticky 
state is not, and they have also discovered how to 
change one into the other. Addition of hme, chalk 
or limestone causes the chaise to take place rapidly : 
organic matter (such as farmyard manure, or green 
crops ploughed in), froat, and good cultivation also 
have the same effect. On the other hand alkaline 
manures such as Uquid manure, and manures like 
nitrate of soda that leave an alkaline residue in the 
soil, tend to chat^e the crumbly back into the sticky 
state, and if much clay is present they have a bad 
effect on the condition of the soil. 

These changes are readily demonstrated by experi- 
ment. Stir up some clay in rain or distilled water, 
pour off the turbid liquid and divide it into three equal 
parts. To one add 5 to 10 c.c. of hme water : to another 
the same quantity of dilute anmionia solution: leave 
the third alone. Flocculation is seen to take place 
rapidly under the influence of lime; the untreated 
portion settles much more slowly ; anmionia almost 
entirely prevents settling. The effect on drainage 
can be shown by putting a layer of clay supported 
on a perforated disk into each of three funnels : sprinkle 
lime on one; pour 10 c.c. of dilute ammonia solution 
on to another. Then pour water on to all three so 
that it stands at the same height in each funnel : 
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leave for a time. Percolation begins first on the 
limed clay : next on the untreated clay ; but proceeds 
only alowly if at all on the clay treated with ammonia. 

More careful experiments have shown that chemically 
pure lime does not flocculate elay but behaves like 
ammonia : Socculation only goes on in presence of a 
little carbon dioxide which, however, is always present 
in the soil. 

SUts. Between the inert sand particles and the 
reactive clay particles there come a number of 
others of intermediate grade differing somewhat from 
either. As they are smaller than sand they pack 
together with smaller pore-spaces which retard the 
movements both of air and water. Further, they show 
more tendency to stick together. Whether or not 
they have distinct chemical properties is not clear, 
nor is it always known precisely from what minerals 
they arose. But they constitute a lai^e part of the 
soil, and have so characteristic an agricultural effect 
that they are called by the special name of silt. It 
is usual in this country to distinguish two grades: 
silt, the particles of which vary in diameter between 
0*04 and 0-01 mm., and fine silt, the particles of which 
range between 0-01 and 0-002 mm. in diameter, but, 
as akeady pointed out, the distinction is rather one 
of convenience than of reality. 

The fine silt differs in one important respect from 
clay : it is not flocculated and rendered less sticky 
by the addition of lime, or by frost or cultivation. 
TliuB if a soil contains sufficient fine silt its stickiness 
and heaviness cannot usually be remedied by liming, 
or indeed by any method known at present. Such 
soils occur on the Boulder Clays, the Lower Wealden 
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Beds in Sussex, and elsewhere, and they are always 
a source of trouble: a good instance is seen at the 
Leeds University Farm at Garforth. The simplest 
plan ia to leave them in grass, but even this device 
is not entirely satisfactory. 

There is another tj^pe of rock which in places 
has played a great part in the formation of soil. Chalk 
covers a large area of the eastern half of England, 
includii^ portions of the counties eastwards of the line 
joining Lincolnshire and Wiltshire. Chalk is a substance 
of perfectly definite character entirely distinct either 
from silica or silicates. It dissolves somewhat in water, 
and still more readily in water containing carbon 
dioxide, a gas breathed out by ourselves, by animals 
and by plants. As all soil water contains some of 
this gas the chalk readily dissolves, so much so that 
in many districts, especially in chalk districts, the 
spring and well waters become very rich in this con- 
stituent and it gets deposited on boiling and forms 
a fur in boilers, kettles, etc. ; sometimes it even deposits 
on standing, forming a sediment in the vessel or a 
crust on any subject lying in the water. Chalk is 
decomposed by strong heat giving off carbon dioxide 
gas and leaving hme behind : this is the change that 
goes on in a lime kiln. Careful studies of the decomposi- 
tion have proved that 100 parts by weight of pure 
chalk, after the removal of all impurities, invariably 
give rise to 66 parts by weight of Ume and 44 parts 
by weight of carbon dioxide. This relationship is 
very important for it shows how chalk is built up: 
it may be expressed thus : 

Chalk or calcium carbonate = lime or calcium oxide + carbon dioxide 

100 66 44 porta by waigbt. 
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When chalk is shaken with rain water a little dissolves. 
But if the mixture is treated with carbon dioxide a 
much lai^er quantity dissolves. This is easily shown 
by the following experiment: Take some fresh rain- 
water and divide into two lots of 100 c.c, each : to 
each add 1 gram of finely powdered quarry or pre- 
cipitated chalk. Shake one lot occasionally: blow 
your breath (which contains carbon dioxide) throi:^h 
the other at intervals during five minutes. Then leave 
for a httle time to settle. Pour each fiquid through 
a separate filter, measure 50 c.c. of each into beakers 
and evaporate on the water-bath. Although the 
filtered liquid was perfectly clear it is seen to leave 
a distinct residue after the experiment showing that 
some of the chalk has been dissolved : a laj^er quantity 
of residue is found in the water through which carbon 
dioxide was blown. 

A much quicker way of dissolving calcium carbonate, 
and one largely used in laboratories, is to treat it with 
a strong acid, when decomposition takes place and 
carbon dioxide is evolved. 100 parts of calcium 
carbonate give rise to 44 parts of carbon dioxide 
just as it did on heating, but the remainder, instead 
of appearing as calcium oxide, appears as a salt. 
Thus if sulphuric acid is used the reaction is: 
Calcium carbonate + anlphuric acid = calomm sulphate + carbon dioxide 
100 44 parts by weight. 

This reaction is so important that it must be studied 
in an actual experiment: Weigh out 0-5 gram of 
calcium carbonate^ in a 50 c.c. conical flask, put in 
' Whiting is a safficiently pure form. If it ia not convenient t« 
weigh the gas as deeciibed above the volume can be measured aod 
the weight calculated in the nanal way. 1 c.c. of CO, at 0° C and 
760 mm. pressure weighs '002 gram. 
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a small tube of strong hydrochloric acid, cover the 
calcium carbonate with water, and then stop the 
flask with a cork bored with two holes, one to admit 
a tube paseii^ to the bottom of the flask, the other 
to hold a tube that just dips into the flask and then 
connects with a wide tube holding calcium chloride, 
a powerful agent for absorbing water vapour (Fig. 9). 
Carefully wipe the whole apparatus with a soft duster, 




Fig. 9. Apparatus for deter- 
mining carbon dioxide in 
chalk. 



Fig. 10. CoUeotion of carbon 
dioxide from a, soil rich in 



leave it standing for a time in the balance case and 
then weigh. Next tilt the acid gently on to the 
calcium carbonate and see how the carbon dioxide 
is given off. After effervescence ceases blow air 
gently through the tube A to displace the carbon 
dioxide and then weigh again. The loss of weight 
represents the carbon dioxide. 

Next treat some soil with sulphuric acid. If there 
is vigorous effervescence you can proceed to study the 
gas evolved. Put some soil into a 250 c.o. flask fltted 
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with a thistle funnel and delivery tube: pour sul- 
phuric acid — 1 part of acid to 1 of water — on to the 
soil and collect the gas over the water (Fig. 10). Put 
a hght«d taper to the jar: the gas will neither bum 
nor will it allow the taper to bum. Pour in some 
clear lime water: a dense milMnees is produced. 
Collect another jar of the gas and stand it over caustic 
soda. The gas is rapidly absorbed and the soda rises 
in the jar. A third jar can be used to demonstrate 
the heaviness of the gas as compared with air : pour 
the gas into an empty jar containing some clear lime 
water: a milMneBs is produced. Now all these 
properties are identical with those of the gas obtained 
from chalk treated in the same manner, and we can 
therefore conclude that the gas evolved is carbon 
dioxide and further that a carbonate is present in 
the soil. We cannot say what carbonate, because 
as a matter of fact all carbonates would decompose 
under the same circumstances to give carbon dioxide. 
There is evidence to show that calcium carbonate is 
the chief one in the soil and it has become customary 
to speak as if this were the only carbonate, although 
it ia known that others also occur. Thus in forming 
eatimates of the amount of carbonate in the soil it 
is usual to determine the amount of carbon dioxide 
evolved and then express this in terms of calcium 
carbonate. 

The experiment made with the calcium carbonate 
{F^. 9) should now be repeated with soil. The precise 
amount to be used depends on the amoimt of effer- 
vescence with the acid: if this is .vigorous 10 to 20 
grams may be sufficient: if not 25 grams may be 
needed, while in many cases the method may break 
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down altogether and another has to he adopted. If 
there ia only slight eServescence it is unhkely that 
the soil contains more than 0-5 per cent, of carbonates, 
while many soils contain less. 

The calcium carbonate in the soil arises from 
several sources. The huge masses of chalk represent 
the remains of minute sea animals, as may be seen 
by examinii^ some of it under a microscope. The 
chalk has often been distributed to other soils, some- 
times by flowing wat«r and sometimes by glaciers 
as in the chalky boulder clay of the eastern counties. 
A second mode of origin of calcium carbonate is from 
the weathering of rocks, and a third from the decomposi- 
tion of plant and animal remains. A good deal of 
chalk, however, has been added to the soil by farmers 
in the past: some of the fields in Hertfordshire still 
contain as much as 1 or 2 per cent, put on as top 
dressings 50 years or more ago. 

The constituents dealt with in the preceding 
para^aphs — the various sands, silts, clay and the 
chalk — compose almost the whole of the mineral 
part of the soil. But although the balance is only 
very small in amount it is of very great importance 
to the plant, for it contains an essential article of 
plant food — calcium phosphate. This substance arose 
in the first instance from the rocks, but often the 
material in our soils has already done duty in past 
ages, and has helped to build up the skeleton of some 
organism, on the death of which it has again returned 
to the soil to do duty once more. It is readily detected 
by heating 20 grams of soil with concentrated hydro- 
chloric acid on a water-bath for an hour, filtering, 
and adding to the filtrate a solution of ammonium 
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molybdate^. A yellow precipitate comes down con- 
taining the phosphoric acid extracted by the hydro- 
chloric acid. 

The red or yellow colour of the solution is due 
in part to the iron present. On neutralising with 
ammonia a dense red precipitate containing iron 
and aluminium oxides comes down and can be filtered 
off: the presence of iron can then be confirmed by 
the beautiful blue precipitate obtained when the 
red material is dissolved in a Uttle hydrochloric acid 
and treated with potassium ferrocyanide solution, 
or by the very deep red colour obtained when some 
of the hydrochloric acid solution is almost neutralised 
with ammonia and then treated with potassium 
sulphocyanide B61ution. 

Another constituent of the hydrochloric acid extract 
of the soil is potassium which occurred in the complex 
sihcates of the soil. Unfortunately there is no very 
simple way of demonstrating its presence, but a 
method for laboratory use is given on p. 196. Both 
phosphorus and potassium salts are essential plant 
foods and amoi^ the most important constituents of 
the soil from the farmer's point of view. Yet they 
do not form any very great proportion of the whole 
and even in a fertile soil there is often not more than 
three or four lbs. of either in a ton of soil whilst the 
amount that plants can get hold of may only be a few 
ounces. The plant, however, does not want a great 
deal ; one ton of mangolds only contains some 10 lbs. 
of potassium and IJ lbs. of phosphorus* so that the 

■ See Appendii, p. 196. 

' In accordance with British custom these amounts are stated 
aa the oxides, K,0 and PgO^. 
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quantities present are not as inadequate as they 
appear. 

We have now come to an end of the important 
mineral constituents of the soil. When such a soil 
is BuppKed with water, is properly aerated, and receives 
a sufficient amount of heat from the sun, it speedily 
becomes the abode of many plants and animals. 
As these die their remains mingle with the soil, and 
so a fresh constituent appears, known as organic 
matter, which has the distinguishing characteristic 
that it got there through the agency of Kving organisms 
and has the chemical distinction of being easily and 
completely burnt away. The presence of this organic 
matter is easily shown by heating some soil on a tin 
lid or in a crucible ; the soil blackens or chars, then 
little sparkles of fire can be seen, and finally all the com- 
bustible part smoulders away leaving only the mineral 
constituents. The organic matter ia bo important that 
it must be dealt with in a separate chapter by itself. 

It has become customary to talk of the " nitrogen," 
" phosphoric acid," " potash," " Hme," etc. in the 
soil, but the student must at the outset realise that 
these do not exist aa such in the soil. The nitrogen 
meant is not nitrc^en as it occurs in the air, and 
which is better spoken of as gaseous nitr<^en : it is 
nitrogen combined with other substances. " Phos- 
phoric acid " does not occur in the soil, but only 
its compoirnds, the phosphates ; " potash " and " lime " 
do not occur, but only potassium and calcium salts. 
These distinctions must be clearly grasped: failure 
to understand them will result in considerable con- 
fusion later on. 
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The mineral and organic constituents, however, do 
not form the whole of the soil mass, but only one-half 
to two-thirds of it; the remainder is filled with air 
and water which are of vital importance to the roots 
of the plants and to the soil oi^anisms. The air 
resembles ordinary atmospheric air in composition, but 
it contains more carbon dioxide and more water vapour : 



; Oiygen 

I per cent. 
1 by volume 


Nitrogeo 
by Toluine 

7902 
79-2 
80-2 


Carbon 
dioiide 
per cent, 
by Tolame 


Soil air, Mable 20.5 
Soil air. pasture 18-2 


0-03 
0-3 
1-8 



When the soil becomes waterlogged, however, the 
percentage of oxygen may fall very considerably so 
that insufficient is left for the organisms to cany 
on their usual functions. Undesirable changes may 
then eet in. The presence of more carbon dioxide 
in the soil air than in the atmosphere is readily demon- 
strated by driving a J inch gas pipe to a depth of 
6 inches in the soil and connecting it with a test-tube 
containing 20 c.c. of baryta water and attached to 
an aspirator. A similar tube also containing 20 c.c. 
of baryta water but open to the air is attached to the 
same aspirator. Set the aspirator working and arrange 
the connections so that bubbles pass at the same 
rate through the two lots of baryta water. The one 
connected with the soil speedily becomes turbid, 
indicating the presence of carbon dioxide, the other, 
open to the air, however, only shows turbidity later 
on {Fig. 11). 
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The water is held by physical forces in the pores 
and the amount present depends on the rainfall, 
the evaporation and the drainage. In the Rothamsted 




Fig. 11. Apparatus for demonatrating tbe presence of CO, in soil air. 
A. Aapirator. B. J' gas pipe driven into soil. 

C. Tube of bai'yta water open to air, 

D. „ „ connected to soil. 

measurements the sandy soils were generally found 
to contain about 9 per cent., the loams about 12 per 
cent., and the clays about 27 per cent, by weight; 
a better idea, however, is furnished by taking the 
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proportions by volume, which vary from 20 to 40 per 
cent. The following are the figures for some of the 
Rothamsted soils: 





Vol. occupied io 
oatural state by 


Volume of water 


Volume of air 


SoUd 


Air and 
water 
(pore- 
space) 

34 
3S 
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of 
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St 
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23 
30 
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17 
20 
22 


11 
8 

7 


17 
IS 
25 



The water is not pure but contains various salts 
in solution, the moat important of which are nitrates 
and bicarbonates (p. 61). 

The subsoil. The lower portion of the soil differs 
so much from the surface layer that it receives a 
separate name and is called the subsoil. The difference 
lies in the fact that neither plant nor animal life has 
been able to exert any great effect, so that the subsoil 
contains very little more than the original mineral 
material. It contains less organic matter than the 
surface soil, and in consequence it possesses less 
nutrient plant material and has not the satisfactory 
physical properties conferred thereby. Usually also 
it contains more clay and this is present in the sticky 
rather than the crumbly form. Both causes combine 
to render the subsoil less tractable than the surface 
soil, and on heavy soils it may become very bad indeed 
so that it must on no accomit be brought to the surface. 
Indeed many acres of land have been ruined by deep 
steam ploughing which has buried the surface soil 
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and only left the plants with a sticky unkindly Biibsoil. 
An advantage of the one-way or tum-wrsBt plough is 
that it does not, like the ordinary plough, leave fiurowB 
of barren Bubsoil throughout the field between each of 
the lands. 

The following experiment has been started at 
Rothamsted and might advantageously be tried else- 
where. Select some suitable site in the experimental 
field or garden and construct therein two brick chambers 
each 20 inches deep, and 7 ft, square with cement floor 
and lining, making a way out for drainage -water {Kg, 
12), Fill both with subsoil obtained during excavations 
for a building or dug specially. Leave one entirely 
alone and observe the changes it undeigoes: sow the 
other with crops and observe their manner of growth. 



CHAPTER III 

THE ORGANIC MATTER OF THE SOIL AND 
THE CHANGES IT TTNDEEGOES 

The organic matter of the soil represents, as we 
have seen, the remains of previous generation of 
plants and animals and can roughly be sorted out 
into two divisions according to age : some of it is 
as pld aa the soil, hating got deposited along with 
the mineral particles when the soil was first made; 
some of it is newer, representing the residues of recently 
living plants. It is not known whether the original 
oi^onic matter has any particular effect on the soil, 
but one generally supposes that it has not. Its 

3—2 
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properties have been studied by examination of the 
subBoil at a depth below the range of the surface 
vegetation. 

The more recent material is of supreme importance 
to the soil. It is subdivided into (a) the newest of 
all, the undecomposed roots or stubble which still 
retain some of the structure of the plant ; and (6) the 
partly decomposed material, dark brown or black 
in colour, which has fallen entirely to powder and 
become completely intermingled with the soil; this 
part is commonly called " humus." The undecomposed 
part serves two purposes : it is the source from which 
the humus is derived, and it keeps the soil open and 
porous, maintaining passages through which water can 
drain away and air can enter, and preventing the 
mineral particles from settling down too compactly. 
In glasshouse practice it is always desirable to keep up 
the supply and this is done by mixing good fibrous 
turf in the borders {e.g., cucumber borders) so that 
the soil shall always remain open and aerated in spite 
of the constant heavy watering. After a time the 
fibrous roots disappear and then the soil is much more 
likely to become sodden, covered with green growths, 
and " sour," than it was while the fibre lasted. In 
outdoor horticultural work it is equally an advantage 
to have sufficient undecomposed or fibrous material 
to keep the soil open, and afford what the gardener 
calls a proper root run. On heavy farm soUs, also, 
undecomposed material, such as stubble, straw, long 
manure, is very helpful for the same reason. On 
the other hand this material is a disadvantage on 
fight soils because these are already open enough 
especiaUy in dry seasons. Any fibrous or undecomposed 
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plant material or manure containing loi^ straw or 
peat moss is therefore added in autumn so that it 
may have a good chance of being broken up before 
the summer droughts come on. On many good 
light-land farms, indeed, the use of these materials 
is reduced to a minimum by a method that will be 
discussed later (p. 105). 

This fibrous material contains many of the chemical 
substances that occur in the plant: among them 
are protein, cellulose, and waxes. The decompositions 
that go on in the soil are not known in full detail, 
but it has been found that the protein breaks down 
to form ammonia and other substances, some of . 
which, along with the cellulose, give rise to the black 
mixture humus ; carbon dioxide is also given o£E 
during the process. There must be many products 
formed during these decompositions, but very httle 
is known of them with' certainty. The waxes only 
disappear slowly; they tend to accumulate on soils 
like old garden soils to which much plant matter is 
added, and they are probably partly responsible for 
the curious difficulty in wetting these soils when once . 
dry; drops of water tend to stand on the surface 
find not to soak in. 

The mixture known as humus plays a specially 
important part in soil productiveness. In days gone 
by humus was regarded as a distinct chemical group 
and was subdivided into humic acid, ulmic acid, crenic 
acid, apocrenic acid, etc., but it is now known that 
these substances are only imaginary; we shall there- 
fore not concern ourselves with them. Humus is a 
mixture which is not yet Bafcisfactorily resolved into 
its component pari;s. 
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Some of it can be extracted from the soil by means 
of dilute alkalis, by the following method. Shake 
100 grams of soil with 500 o.o. of 5 per cent, hydro- 
chloric acid, allow to settle, pour oft through a filter, 
and wash with water. Then transfer the soil to a 
bottle, add 500 c.c. of 6 per cent, caustic soda solu- 
tion, shake, and leave for some hours lying on its 
side so that as lai^ a surface as possible is exposed 
to the alkali: shake periodically. Before long the 
alkah becomes dark coloured. Again allow to settle 
and syphon ori, or, if you can, filter on the Buchner 
funnel by aid of the pump : this is rather a alow pro- 
cess. To the clear dark coloured filtrate add some 
strong hydrochloric acid drop by drop till the liquid 
is just acid. A dark brown precipitate is thrown 
down containing much of the organic matter. Some, 
however, still remains in solution : a part of this can 
be brought down by exactly neutralising with canstio 
soda, but the rest is only recovered by evaporation. 
It is sufficient, however, to examine the precipitate. 
On drying, this shrinks very much to little lumps 
almost black in colour which readily bum and leave 
behind a little red ash. Its composition varies con- 
siderably, but after it is thoroughly dried in a steam 
oven it usually contains about 50-57 per cent, of 
carbon, 36 per cent, of oxygen, and 3-8 per cent, of 
nitrogen. 

The soil which has thus been treated still contains 
more of the soluble material, and several sucoessive 
extractions have to be made with alkali before any- 
thing like exhaustion appears; even then soluble 
material still continues to come out although the 
solution is no longer dark coloured. But even after 
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nmueroua extractions a considerable amount of the 
organic matter — often about one-half of the original 
quantity — remains in the soil. Some of this is capable 
of being transformed into Boluble substances by heat : 
thus if a fresh portion of the soil is heated by steam 
at 100° C. for an hour and then submitted to the 
extraction processes already described, a considerably 
larger amoimt of material dissolves out in the alkaU 
than before. 

The chemical nature of these various substances 
is imder investigation at the Bureau of Soils, Washing- 
ton, and at Rothamsted. For our present purpose 
it would be premature to discuss the results so far 
obtfuned, and we must confine ourselves to another 
highly important set of properties; the physical 
efCeots of " humus." These will be taken in detail 
in Chapter VI ; they fall under three headings : 

1. The organic matter imparts a black colour 
to the soil unless there happens to be a good deal 
of chalk present, when the white colour persists. It 
is a well-known physical law that a blaek substance 
absorbs more heat than a white one placed under 
similar conditions, hence the dark colour faciUtates 
the warming of the soil in spring, 

2. The organic matter greatly increases the 
capacity of the soil for holding water. A soil rich 
in organic matter is throughout the summer and 
autumn distinctly moister than a soil poor in organic 
matter (p. 158). 

3. Oi^anic matter facihtates the production of 
a fine tilth and a good seed bed, and it renders cultiva- 
tion more easy. 

Soils well supplied with organic matter are therefore 
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Tsry valuable to the agriculturist both by reaeon 
of the lai^ amount of nitrogenous substances they 
contain and also because of the ease with which they 
can be worked. Examples occur in the fen districts 
in this country, in the prairies of Western Canada, 
the black earth or Tohemozem of Russia and else- 
where. Wherever they occur these black soils are 
promptly taken up' for cultivation. 

There ia, however, another type of organic matter 
which is less widely distributed and much less useful. 
Peat is oi^anic matter but it is not sufficiently 
decomposed to be of much value, and peaty soils 
are not in high agricultural repute. Intermediate 
between peat and fen comes another type found in 
the carr soils, which can be made distinctly useful 
by dressings of lime. Owing to the great importance 
of the organic matter chemists have made many 
attempts to determine just how much is present in 
the soil. Advantage is taken of the fact that organic 
matter bums away while mineral matter does not: 
hence some of the soil is burnt, and the loss of weight 
is measured (p. 194). ThM method is simple, but 
unfortmiately it is not quite sound for some of the 
mineral matter undergoes changes on heating accom- 
panied by alterations in weight. Nor does the method 
discriminate between the undecomposed and the 
decomposed material which as we have seen behave 
very differently in the soil. In some laboratories 
(e.f^., at Kothamsted) the larger fragments of un- 
decomposed material are removed by sifting and 
blowing, and estimated separately. But more usually 
the whole of the material is estuuated together. 

Another method of discovering how much organic 
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matter is piesent in the soil is to determine the 
percentage of nitrogen (p. 194). This is important 
because it gives an indication of the nitrogen reserves 
in the soil but again it tells us nothing about the 
state in which these exist and whether they are useful 
or not. Table I gives typical examples and shows that 
there is no very clear connection between the pro- 
ductiveness of the soil and the percentage of nitrogen 
or the loss of oi^anic matter. 

Table I. PeTcentage of nitrogen and organic maUer 
in typical soils UTid subsoils 





Fei-tile arable soils 


Surface aoiU 

Loss oa ignition 

Hitrogen 
Bwbsoil 

Low on %nition 

Nitrogen 


4-66 
■120 

300 
•078 


6-68 
■220 

4-94 
•139 


3-70 
133 

2'81 
■081 


4-66 
■141 

3-29 
■097 





Poor arable »oils 


Barren wastes 


Swface Soils 

Loss on ignition 

Nitrogen 
Svis<»l 

Loss on ignition 

Nitrogen 


4-13 

■128 

3-74 
-112 


6-23 
'143 

6.50 
■104 


3-60 
■182 

2-58 
■061 


614 
-152 

4.14 
•096 


5-94 
■130 


700 
■198 


5-61 
■167 

270 

■058 



Nevertheless the results are of much value to 
the agricultural chemist in investigating soil fertility 
problems. 

We must now turn to the changes undergone by 
the organic matter. During the process of cultivation 
the organic matter becomes oxidised and some of it 
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disappears as gas; it thus sufEers much more rapid 
changes than the mineral particles. Uluetrations can 
be seen in parts of North America where the original 
prairie soil was fairly rich in organic matter but after 
some years of wheat cultivation it has lost much of 
its stock. In Minnesota Snyder found that an amount 
containing 50 per cent, of the nitn^n was lost in 
twenty years' cultivation : in Saskatchewan Shutt 
observed a loss of an amount containing 30 per cent, 
of the nitrogen after a similar period. With the 
organic matter is lost also the advantages it conferred : 
the soil becomes impoverished, and, if much clay is 
present, it becomes difBcult and expensive to cultivate. 
Hence such soils t«nd to be thrown out of cultivation 
end to become dereUct. Similar losses occur in 
market gardens and wherever large dressings of farm- 
yard manure are apphed: they necessitate the use 
of more manure than is really needed by the plant 
and they add to the expense of production. 

A closer analysis of the loss shows that the eiirbon 
of the oi^anic matter goes off as carbon dioxide and 
that some at any rate of the nitrogen is changed 
to ammonia, but it is not certain that all goes in this 
form, imd there is evidence that some is lost as gaseous 
nitrogen. The question is under investigation at 
Rothamsted ; it is of enormous agricultural importance 
because of the seriousness of the loss on rich soils 
and the necessity for reducing all wastage nowadays : 
it is discussed more fully in Chapter VI, 

The ammonia remaining in the soil is at once 
seized upon by certain soil bacteria, the Nitroaomonas, 
and converted into a nitrite, and this is taken by 
another group of organisms, the Nitrobacter, and 
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converted into nitrate ; the process is called mtrificfr- 
tion. Thus the ammonia actually appears as nitrate 
which ia readily found in the soil by the simple test 
ji;iven in the Appendix (p. 195). The amount of nitrate 
is commonly stated as so many parts of nitrogen per 
milhon parts of soil ; they can be expressed as parts 
of nitrate of soda by multiplying by 6, or they can be 
converted into lbs. per acre in the top 9 inches by 
mnltiplyii^ by 2^ ; the results are not quite accurate 
but suffice for purposes of comparison. 

The following amounts of nitrate were commonly 
found in the author's investigations of various soils: 





ExpresBed aa nitrogen 


Expressed oa nitrate 
ofaoda 


Parta per millioQ 
0-9' 9-18' 


Lba.peracr« 

0-18- 


Lbs. per aore 
0^8- 


Sand 
Clay"' 


6 
10 
10 


4 
8 
6 


25 
46 
38 


160 
276 
228 



Nitrates do not accumulate to any great extent 
in the soU in our climate, and it is very unusual to find 
more than 24 parts per million or 120 lbs. per acre 
(expressed as nitrogen) in the top 18 inches. As soon 
as these high values are reached further production 
ceases. It sometimes happens in dry regions that 
higher amounts are present, but it is usually supposed 
that they got there by evaporation of water which 
hag soaked in from somewhere else, concentrating the 
nitrates from a wide area over a particular spot^. 

> Dr Headden rejects thia explanation for the Coloriulo sails, and 
QODsiders that utrftte formation continues tn situ even after relatively 
high qojuttities are attained. 
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Under our climatic conditions the nitrates do not 
get the opportunity of persisting long but are either 
washed out by rain or taken up by plants. Once 
the stock is reduced a further quantity begins to be 
formed and so far no limit has been reached to the 
amount of nitrate a boU can be made to yield. One 
of the Botbamsted plots which has been cropped 
with wheat every year since 1843 and has had no 
manure since 1839 still goes on yielding nitrate and 
in September 1913 contained nearly 35 Iba. of nitrogen 
as nitrate, equivalent to 210 lbs. of nitrate of soda in 
the top 18 inches of soil per acre. Another piece of 
land is kept bare of all vegetation and is undermined 
in such a way that the whole of the drainage-wat«r 
can be collected for analysis. Ever since 1872 when 
the experiment b^an the land has yielded a large 
supply of nitrate, the amount beii^ equivalent to 
300 Ibe. of nitrate of soda per acre every year for the 
first 20 or 30 years, and to some 200 lbs. in more 
recent years. 

A further change goes on in certain circumstances. 
When all air is excluded from the soil by flooding it 
for a long time with water the nitrates are liable to 
decompose to form nitrites and subsequently gaseous 
nitrogen. This change, known as denitrification, only 
goes on slowly in cold weather and probably is of rare 
occurrence under British agricultural conditions where 
land would only be waterlogged in winter, if at all. 
But it seems to go on in the wet rice fields of the East 
and in these circumstances nitrates are not used as 
manure. 

All these changes result in loss of nitrogen: for- 
tunately there are others that bring about gains, 
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chief among them being the fixation of gaseous nitrogen 
by the organiBms in the root nodules of l^uminous 
plants. Some alao is fixed by certain free living 
bacteria called Azotobacter. These require considerable 
quantities of decaying plant residues as a source of 
energy: for the process is not one that will continue 
by itself once it is started like the burning of a 
bonfire, but rather it resembles hauling a load up 
a hill and requires the continuous application of enei^. 
The fixation through the root nodules proceeds 
vigorously during the growth of clover, ttifolium, 
lucerne, sainfoin, vetches, etc., and these crops there- 
fore enrich the soil considerably. Both processes 
take place in land laid down to grass. The gain does 
not go on indefinitely: after a time it is counter- 
balanced by losses ; but the net result is that grass 
land contains considerably more nitrogen than arable 
land. The nitrogen comes from the atmosphere, and 
thus represents an absolute gain to the stock in the 
soil. The following simple rule should be remembered 
by the student : land in sod gains nitrogen, land in 
fallow gains nitrate. The gain in nitrogen is absolute, 
but the gain in nitrate is not, it only represents a change 
of one form of soil nitrogen into another. When the 
grass land is ploughed up the gain in nitrogen ceases, 
and the gain in nitrate begins; sufficient may be 
produced to yield com crops so heavy as to justify 
the ploughing up of ptisture which is not of first rate 
grazing quality. In such cases a root crop is usually 
taken first so as to give an opportunity of exterminating 
wire-worms and other soil pests which accumulate under 
grass and might seriously damage young corn. 

The whole chain of processes we have been 
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describing is of the greatest possible importance to soil 
fertility because it consists in the conversion of the 
undecompoaed plant residues, which are of little value 
to the soil except to open it up, into valuable humus 
material and plant food. The process has therefore 
to be encouraged by every means in the cultivator's 
power. It is mainly brought about by living agencies ; 
earthworms play a preliminary part by dreeing the 
materials into the soil and effecting a proper admixture : 
moulds and bacteria are the important decomposing 
agents. Fortunately all these organisms require sub- 
stantially the same soil conditions as plants: thus 
they need air, water, proper temperature, and food, 
absence of injurious substances, presence of chalk, etc. 
The soil population is, however, very complex and 
the organisms are not all equally useful; there is 
indeed evidence that some are distinctly detrimental. 
Hitherto no method of discrimination has been adopted 
and all oi^anisms good and bad have been allowed 
to grow in the soil without any intentional interference : 
methods are now being worked out in horticultiu:al 
practice for controlling the soil population so as to 
encourage the useful forms and repre^ the others. 
These methods are based on ^e fact that the useful 
forms are less easy to kill than the others, and there- 
fore if the soil is heated, treated with mild poisons, 
dried by the sun, or frozen for long periods during 
the winter, the survivors are on the whole more useful 
to the cultivators than the original lot. The process 
is known as Partial Sterilisation and is under investiga- 
tion at Bothamsted^. 

> See Repoita on Partial Stenliaation in the Journal 0/ the Board 
of Agriculture, 1912, 1913 and 1914. 
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CHAPTER IV 

THE EFFECT OF CLIMATE ON THE SOU- 
AND ON FERTILITY 

The horticulturist working under glass can have 
any soil and almost any climate he likes to pay for, 
but the fanner must accept the climate as he finds it 
and put up with any effect it may have on the aoU and 
on the crop ; the best he can do is to ascertain what 
these effects are and then prepare against them. It 
has been shown that they fall into three groups : 

1. Climate helps to make the soil and decide 
the type. 

2. It influences the productiveness of the soil, 

3. It determines the crops that can be grown, 
tknd hence is the final a^nt to decide what shall be 
done with the soil. 

The effect of climate in deciding the general character 
of the soil 

Climate affecta both the mineral framework of the 
soil and the nature and anLOunt of the organic matter 



Effect on the mineral framework. The origin of 
the mineral framework has already been discussed 
and it has been shown that two great factors determine 
its composition: the composition of the original 
rock, and the nature of the ^^ncies concerned in 
the disint^ration and decomposition. These agencies 
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are mainly climatic. The breaking down of the original 
rocks proceeds in widely different fashion in places 
where the climatic conditions are very different and 
cases have been observed where the differences in 
soil of two regions are greater than could be expected 
from the rocks alone; these differences are therefore 
attributed to climate. Fpr example, in this country 
the rocks break down to yield enormous quantities 
of silica, the chief constituent of sand, and of various 
complex sihcates, containing combinations of iron and 
aluminium, which occur largely in clay; iron and 
aluminium compounds, however, form only relatively 
small proportions of the soil. But in parts of the 
tropics, where the disintegration processes have gone 
on under wholly different conditions, the rocks have 
broken down to yield soils contsiining only small 
amounts of silica and relatively large quantities of 
aluminium and iron oxides. These soils differ entirely 
from ours and have received a special name, Laterite 
soils. In subtropical regions another type of dis- 
integration has gone on, giving rise to considerable 
areas of a distinct type of red soil, in which again 
there is only relatively little silica. The study of these 
changes is very incomplete, and it is not supposed 
that the original rocks were identical in all cases. 
But it is very significant that under these three sets 
of chmatic conditions three distinct varieties of soil 
have arisen, all differing in character and requiring 
different treatment. 

There is a second direction in which climate regulates 
the composition of the soil. As we have already 
seen, the particles formed from the rocks do not 
remain where they are but get carried away by various 
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climatic agencies such as rutming water, ice, or wind. 
Usually there has been some selection and the particles 
became sort«d out to some extent and suffered changes 
on the journey. The amount of sorting and the extent 
of the change depend largely on chmatic factors. 

Effect on the, organic matter. The mass of mineral 
particles formed by weathering of the rocks and sorting 
out by subsequent agencies is not yet soil,- although 
it may be looked upon as the framework of the soil. 
But it soon covers itself with vegetation which gradually 
produces the remarkable results dealt with in Chapter III 
and converts the mineral mass into a true soil. 

The character of the soil is very much affected 
by the nature of the organic matter present, and this 
is largely determined by the type of vegetation that 
grows there and the extent to which the decomposition 
has proceeded. Now both these are cKmatic effeote. 
Under dry conditions the plants tend to be narrow- 
leaved and tough — e.g., pine needles, broom, etc. — 
whilst under moister conditions a larger more leafy 
type of vegetation arises. These two types of vegeta- 
tion break down in very different manner in the soil : 
the large leafy plants yield a large supply of useful 
humus material, while the shrubbier and more leathery 
plants of the dry situation do not. There may be 
plenty of organic matter in these dry soils; the light 
dry sands of the Sussex heaths sometimes contain 
as much as 10 per cent, but it exists in the form of 
imdecomposed bracken fronds and similar residues, 
and is of no agricultural value because it is not properly 
decomposed. Hilgard in Cahfomia has shown that 
there is a great difference between the humus material 
in soils of dry and humid regions, and this difference 
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aris68 from the fact that in humid regions the con- 
ditions are favourable for the best kind of plant and 
the best type of decomposition to make huimus 
material. 



Soil losses 

So far we have been considering only the building 
up of the soil ; we have now to turn to the other side 
of the account and study the losses that are going 
on. The processes that called the soil into being 
are still operative to-day; the transport of material 
did not come to an end when the soil was brought 
into its present position but continues, and tends to 
remove the soil now that it is formed. The losses 
have gone on simultaneously with the formation of 
the soil and they still continue. The most important 
source is the rain. As rain falls on to the land and 
soaks in, it dissolves out some substances and carries 
them away. Hence the drainage-waters are always 
hard and often unfit for drinking. The constituent 
removed in largest quantity is calcium carbonate, 
no less than 8 to 10 cwts, per acre of this being washed 
away each year at Rothamsted. Other soluble con- 
stituents are also removed in smaller but nevertheless 
importEtnt amounts. Thus in course of time a soil 
exposed to a heavy rainfall tends to become reduced 
to hard insoluble residues of unchanged mineral 
fragments: finally it may become bfirren through 
loss of plant food, and " sour " through absence of 
calcium carbonate. On the other hand a soil in a 
dry region of low rainfall keeps all its soluble con- 
stituents intact, indeed it may become so heavily 
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charged with them as to become barren through this 
very excess. Again, heavy rainfall may wash the soil 
bodily away and leave only the bare rock or a wholly 
impossible subsoil. This sometimes happens in our 
own country in hilly regions : a serious instance oc- 
curred in 1910 in the Yorkshire Wolds north of 
Drif&eld. It is not infrequent in lands of violent 
storms, especially where man has come in and removed 
the native vegetation that once aflEorded some measure 
of protection: the eroded lands of Australia and the 
dongas of South Africa afford instances. Wherever 
some break in the surface of the veld allows the rain to 
start a little water-comrse, the washing away goes on 
along that line. The break may be a natural depression, 
or it may result from clearing the veld for cultivation 
or even from keeping cattle always to one track in 
passing to and from their drinking-places. Torrential 
rains soon remove the soil and lead to the remarkable 
erosion shown in Fig. 13. The remedy consists in 
delaying the water and making it run off more slowly. 

Soil belts and dimaiic zones 

We have seen that right from the very commence- 
ment of its history the soil has been moulded by the 
climate, and it is not surprising, therefore, that parts 
of the earth with characteristic climates should also 
have correspondingly definite soils. Wherever there 
ia a well-marked cUmatic zone we may look for a 
well-marked soil type. In classifyii^ soils it is neces- 
sary first to divide them into great groups according 
to the climate and then to subdivide these groups 
according to the geological origin of the material. 

4^2 
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Fig. 13. Dongas in South Africa caused b^ heavy rainialL 
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These zones can be recognised in any great con- 
tinental area. In the great dry belt in the west of 
North America there is a scarcity of vegetation, 
consequently but Uttle organic matter finds its way 
into the soil and such as does get there possesses 
very characteristic properties. Further, the absence 
of rain leads to an accumulation of soluble substances 
derived from the breaking up of certain mineral 
particles, and some of these are directly harmful 
to the plant while others indirectly injure it by depriving 
it of such little soil moisture as is present — tor plants 
can only take water from weak and not from strong 
solutions. Soils thus chained with salts are called 
Alkali sbils ; these occur sometimes in patches and 
sometimes in great areas, but they are always dreaded 
alike by cultivators and traveUers. For as they dry 
the wind blows them up into the eyes and mouth 
and nostrils tiU the membranes smart again; they 
carry no broad-leaved vegetation and they yield no 
drinking water. Patches in cultivated fields are 
marked by the failure of the plant. The soil is curiously 
mottled in appearance : it forms hard white lumps 
round which black water collects or dries to leave 
a black crust behind. It is hard on top but often 
mushy below, especially in irrigated regions, and after 
you have kicked away the surface layer you come into 
a thick stodgy clayey mass. Irrigation, drainage, 
and treatment with gypsum have done much to 
reclaim these lands, 

Moving eastwards and northwards there is a rather 
moiater belt with more graiss and less alkali, but the 
vegetation is still wiry or leathery and gives rise to 
oiganic matter characteristic in quality but sparse 
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in amount. These are the steppe soils which can be 
found in parts of the Western States and of Alberta. 
Alkali spots still occur, and Fig. 14 shows one on a 
farm at Fremont, Nebraska. 

Still further eastwards and northwards is a zone 
of higher rainfall where the conditions were such 
that oi^anic matter accumulated to a very marked 



tig. 14. Alkali spot, Fremont, Nebraska. 

extent in the soil. Here arose the wonderful black 
soils on which so much of our wheat is grown, especially 
developed in Manitoba, Saskatchewan and Alberta, in 
Minnesota and other Middle Western States. 

Elsewhere, however, the black soil is not seen, 
but the loess, a wind-carried soil derived from glacial 
drift and mingled with calcareous debris but without 
the lai^e amounts of organic matter of the black soils. 
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These give the deep rich soils found in Eastern Nebraska, 
Iowa and parts of the Mississippi valley. All these 
areas are characterised by cold clear winters and hot 
dry summers. In the t^gregate the rainfall m&j be 
h^h but its distribution is not always favourable to 
maximum crop production. These areas aje in the 
main treeless (see Fig. 17). 

Coming still further east into the regions of wood 
and forest where the climatic conditions approximate 
more closely to our own, the soils also resemble ours 
in England. 

A wholly different type of soil, known as the 
Tundra, is foimd in the far north in the barren lands. 
It is black and peat-like and the subsoil is aa a rule 
permanently frozen : it is covered only with mosses, 
lichens, etc. and lies beyond the regions of our accus- 
tomed vegetation. 

Any other continental area can similarly be divided 
into zones corresponding broadly with climatic zones. 
In Russia, for example, white desert soils poor in organic 
matter but often containing alkali are to be found in 
the dry Caucasian region: further north under a 
limited rainfall of 8-12 inches occur the brown steppe 
soils, their deeper colour indicating their higher content 
of organic matter; pushing still further north a belt 
of chestnut coloured soils is foimd stretching away 
in a north-easterly direction from Podolia in the 
south-west across Little Russia to Samara and Orenburg 
in the east. Above this again comes the famous ■ 
belt of black earth, the Tchemozem, the nearest 
European approach to the black soils of the western 
prairies and like them devoted largely to the cultivation 
of wheat; these are found in Hungary and continue 
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north-easterly through the west Russian province 
Volhynia to the Government of Perm. Further north 
these are succeeded by the Podsols, white, poor, acid 
soils in a cold wet belt still left in forest; and finally 
above them come the Tundra soils, acid, treeless, 
carrying only Hcbens and moss. 

Even in England indications of climatic zones can 
be traced, although in the main our soils would fall 
into one great group of woodland origin. But in the 
dry eastern counties some of the heaths are distinctly 
steppe-like in character, while in the wet high-lying 
districts of the north occur moorland soils entirely 
different from the clays, loams and sands of the mid- 
lands and the south. 

It is not necessary to go into a detailed description 
of these various soils ; the point of immediate im- 
portance ia that the very marked and unmistakeable 
differences they present are the result of the climatic 
conditions to which they have been exposed. 

The effect of weather on the soil 

WhUe climate plays a great part in determining 
the general character of the soil the weather is respon- 
sible for tolerably wide variations exhibited from year 
to year. 

There are at least five ways in which the weather 
or seasonal effects operate : 

1, High rainfall tends to wash out two very useful 
constituents, calcium carbonate and nitrates, both of 
which must be replaced or the soil loses fertility. 
Tortimately other useful substances are absorbed by 
the soil and are therefore less liable to be lost. 
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2. High rainfall has an adveree physical effect and 
spoils the tilth. 

3. In dry conditions there is less or no washing 
out of calcium carbonate or of nitrates, and hence 
less wasta^ of fertility. 

4. Drought, frostj hot sunshine, and other factors 
which are detrimental to life are finally beneficial to 
bacterial activity (p. 46), and lead to an increased 
production of plant food. 

5. T^st has a beneficial effect on tilth. 

These factors of course all intermingle in their 
action, but their general effects may be summed up 
briefly. 

The nitrates formed during spring and smnmer by 
bacterial Ewstion, and destined to serve as food tor the 
next generation of plants, are readily washed out 
during a wet winter, but they remain safely locked up 
in the soil throughout a period of frost and snow 
when no leaching takes place. There they lie ready 
for use when spring awakens the young plant into 
activity ; consequently a mild spring following on a 
hard winter is commonly a period of vigorous growth. 
This is well seen in Canada, where a remarkable 
development of vegetation takes place directly the 
weather is sufficiently warm. In part the result is 
due to the effectual cold storage of the plant food, 
neither loss nor deterioration going on in frozen ground, 
in part also to the increased activity already mentioned 
of the food-making bacteria after a spell of adverse 
conditions. 

Another effect of a wholly different nature is also 
produced. Frost puffs up or lightens the soil: it 
sphts the hard clods and brings them down to a nice 



itizecy Google 



58 An AccoutU of the Soil [pt. i 

crumbly tHth well adapted for a seed bed. Further, 
it tends to change clay from the sticky into the crumbly 
state. On the other hand long continued wetness has 
the opposite effect : it consolidates the soil, makes it 
sticky and very imsuitable for seeds. Thus at the 
end of a mild wet winter the soil is poor in plant food 
because of the leaching that has gone on, its population 
of micro -oi^anisms is not highly efficient in making 
food, and it is in a bad mechanical condition because 
the wetness has made the clay particles very sticky. 
On the other hand at the end of a more severe winter 
when the land lay frostbound or covered with snow 
there is a good supply of plant food, all the autumn 
reserves havii^ been safely locked up in the soil, 
the micro-oi^anic population has become more efficient 
in producit^ plant food through the partial suppression 
of detrimental organisms, the texture of the soil is 
very favourable for the production of a good seed 
bed. The advanta^s, therefore, are wholly in favour 
of a dry cold winter, and we can see the wisdom of 
the old proverbs : 

"Under water fomirke, iinder enow bread," 
"A snow year is a rich year," 

and of the more recent calculation by Sir W. N. Shaw 
that every inch of rain falling during the autumn 
months — September, October, and November — lowers 
the yield of wheat during the next season in the eastern 
counties by a little over 2 bushels per ikcre (2-2 to be 
precise) from an ideal standard of 46 bushels per acre. 

The older writers, noticing the value of frost and 
snow, thought they had an actual fertilising value, 
and indeed many gardeners and farmers will still 
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contend that snow ie a manure. Opinions of good 
cultivators are alwayB entitled to respectful considera- 
tion, and many analyses of snow have been made, 
but they have failed to reveaJ any appreciable amoimt 
of fertilising constituents- Snow diflEers a little from 
frost in its action: it forms a non-conducting coat 
for the soil and prevents the temperature from faUing 
as low as it otherwise would. Any plants that happen 
to be in the soil benefit by the snow cover because 
their roots are protected from excessive cold. 

A hot dry summer has at least as benehcial an 
effect on the soil as a cold dry winter. The drying 
out certainly changes a heavy soil into clods, but when 
these are moistened again by autumn rains they 
readily fall to a good tilth. If the warmth has been 
sufficient there is an even more marked improvement 
in the soil population as far as food-making is concerned 
than after a cold winter. 

The effect of season on the nitrate content of the aoU. 
The manufacture of nitrates in the soil (which, as we 
have seen, is an indispensable process for the welfare 
of the crop) takes place most rapidly in our climate 
in late spring or early summer. It then slackens 
down while the plant is growing, but it may speed 
up a^ain in a warm moist autumn. Typical results 
are shown in the curve of Fig. 15. In a dry summer 
the nitrate formed is all left in the soil or taken by 
the crop: in a wet summer some of it is washed out. 
This is shown by comparing the amounts of nitrate 
present on an unmanured fallow plot at Rotham- 
sted diuing the wet summer and autumn of 1912 with 
tl^ose present in the dry summer of 1913. In the top 
18 inches of soil amounts were found equivalent to the 
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following quantities of nitrate of soda, in lbs. per acre, 
showing a very great difference in favour of a dry 
summer : 



Dry Bummer, 1B13 
Wet rammer, 1912 . . 
Difference in favonr of dry aumme 
reckoned as nitrate of Boda 



i 

S-d 20 



Feb. Hay Sept. 




Fig. 15. Curve showing average amounts of nitrate present in 
cropped soik at difiereot seasone of the year. (Botbamxted.) 

The nitrates left in the soil at the end of September 
represent the initial stock for the farmer during the 
coming season. After a dry summer it is high, after 
a wet one low. How much of it ever gets into the 
crop depends on the winter weather. A wet winter 
will wash much of it out while a dry winter conserves ■ 
it safely. During the- wet winter of 1911-12 the 
following losses took place from some uncropped 
soils at Rothamsted and Ridgmont: 

Loam in Foor 

good heart loam Clay Sand 

Rothamsted Bothamsted Ridgmont Milbrook 

Present in Sept. IQll 600 306 234 102 

Bamaining in Feb. 1912 166 168 180 54 



Lost dnring wint» 504 138 .54 

Reckoned as the nitrate of soda in top 18 ins. per aore. 



48 - 
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The loss from saad ie Bmall because the stock 
happens to be low, and from clay it is also small 
because percolation of water does not readily take 
place. The most serious losses are from good loams. 
In dry winters the loss is less, but on an average the 
loam at Rothamsted loses during winter months as 
much nitrate as would be required by a 4 quarter 
wheat crop. 

If the student has access to drainage-water from 
a field he should make the following experiments 
periodically : 

(1) Test for nitrate and compare with a standard 
solution to ascertain approximately the concentration 
(p. 195). 

(2) Test for calcium. In many cases so much 
calcium bicarbonate is present that a precipitate 
is thrown down on wanning the solution. 

The following experiment shows how a crop affects 
the drainage: 

Take two glazed tubulated pota (Doulton's " mixing 
jajs " shown in Fig. 1), fill with soil, keep one pot 
fallow, sow grass-seed in the other. Fit the tubuluie 
with a tight cork through which passes a glass tube 
bent so as to defiver the drainage-water into a bottle. 
Measure the amount of drainage after rain and estimate 
the nitrate present. The experiment must run over 
the whole season ; in a period of drought rain-water 
may be genUy supplied from a water-can, although it is 
hardly prasiSle to simulate the action of rain itself. 

The gauges used at Rothamsted for studying 
drainage problems are shown in Fig.- 16. 

The various bad effects of wet weather are reflected 
in the crop. A wet winter is notoriously bad for the 
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wheat crop ; on the other hand a dry winter is much 
more favourable. Shelter of course is just as efEective ■ 
as dryness: the ground where a stack has stood over 



Fig. 16. The drtiiit gauges, Bothainsted, used for studying the 
amount and coinpoBitJon of drainage- water. 

winter is well known to be more productive than 

adjoining ground that has been exposed to the rain. 

The practical point arises : how can the cultivator 
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remedy msttera? He must try both prevention and 
cure. Loss of nitrate can be prevented by sowing 
catch crops ^ in autumn to be ploughed in or folded 
before the spring sowings {p. 106). Bad tilth can be 
diminished by leaving the ploughed land rough and 
taking care that the wheat land does not get too fine. 
If the soil is already fine, as, for instance, it is left after 
potatoes when the digger has thrown down the ridges, 
the wheat seed can advantageously be broadcasted 
or drilled on the surface and then ploughed in and 
harrowed, thus exposing a new and rougher surface to 
the weather. 

Loss of nitrate can be made good by spring dressings 
of quick-acting nitrogenous manures : soot or siilphate of 
ammonia if the surface is sticky, or nitrate of soda if the 
soil can be got into reasonable condition (Chapter-VII). 
Finally the bad effect on the surface can be remedied 
by using the Crosskill or other roller when the land is 
dry, following this with the harrow. 

The effect of dimaie in determining what crops 
can be groum 

The fertility of a soil is judged by its power of 
producing crops, but it obviously cannot grow crops 
unless the climate allows : we therefore have to turn 
to the effect of chmate in deciding what crops can 
and what cannot be grown. There is a fairly simple 
connection between the type of crop and the climate. 
In general seed does not ripen well in wet seasons 
or districts, and crops wanted for the sake of the seed 
are usually grown in dry rather thtm wet districts. 
On the other hand actual plant growth, i.e., growth 
I ParticolaiB of suitable crops are given in the Boanl of Agricnltare 
Special Leaflet, No. 28. 
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of leaves, steins, and roots, is much better in moist 
than in dry districts or seasons. For example, the 
abnormally dry summer of 1811 was excellent for 
grain crops bo that the com was uncommonly good, 
but it was so disastrous for the growth of grass that 
hay went up to two or three times the price obtained 
in the previous season. The wet summer of 1909 
was very favourable to the growth of grass, swedes, 
etc., but bad for the production of seed. Another 
factor also comes into play. Very wet land cannot 
easily be dug or cultivated: if it is to be used for 
agriculture in these days of small profits all cultivation 
must be reduced to a minimum. Now the crop that 
requires least cidtivation is grass ; it is accordingly 
very much grown in wet districts. Since grass has 
to be used by animals of some sort a good deal of 
Uve stock is usually kept either for the production 
of meat, butter, cheese, etc., or for breeding young 
animals to be sold to other districts. Wherever 
cultivation becomes expensive for any reason there 
is a tendency to resort to grass and pastoral conditions. 

The following rules will be found useful in discussing 
crop production in temperate regions ; they are, 
however, by no means absolute. Warm districts 
yield early crops, and are therefore well adapted 
for market garden produce and for fruit. Moderately 
dry regions are suited for seed crops. Moister regions 
are adapted for seed crops that need not fully ripen 
such as oats, for root crops like mangolds, swedes 
or potatoes, or for leaf crops like the cabbage tribe. 
Wet regioi^ are commonly devoted to grass. 

These same factors that determine the regional 
distribution of crops operate everywhere and many 
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illustrations of their action may be found within 
very restricted areas. 

Land lying at the bottom of a slope is moister 
than land lying higher up, becaiise it receives the 
water that has drained down from above as well as 
its own share of the rainfall. Sometimes it is so wet 
that it forms a marsh unsuited for cultivation and 
therefore left in grass; the land immediately above 
is then commonly used for general crops. But where 
the water level is well below the surface of the soil 
the bottom land is not marshy but is on the contrary 
highly fertile and is more regularly suppHed with 
water than the higher land. Land at the top of a 
slope may be too exposed or too cold for cultivation, 
and often if it lies above 700 ft. in England it is left 
either as grass, wood or waste ; the limit is higher in 
places, e.g., the milder parts of Wales, the Yorkshire 
Wolds, etc. 

The following is the typical seqjience in traveUing 
up a valley or a slope in England. If the bottom 
is marshy, grass only is grown there, if it is dry, good 
crops of roots, cereals or other plants can be obtained ; 
higher up arable crops are grown or, as we shall soon 
see, fruit ; still higher comes grass land, especially in 
the cold north, while above the 600 or 700 ft. contour 
is wood or waste land. 

The small difference in temperature between a 
north and a south slope may have a considerable 
effect on the crop, vegetation on a south slope being 
a little more forward and ready for market before 
that on the north. In ordinary agricultural practice 
this is not usually of much importance but it is for 
market garden work; amazing differences in price 
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are often attached to small difieiencea in time of 
marketing. 

More important, however, than high mean tempera- 
ture ie the absence of spring or autiimn frosts. Low 
lying valley lands are peculiarly susceptible to frosts on 
clear calm nights ; the cold air drifts down from above 
and collects in the valley where it chills the trees and 
not infrequently kills the fruit blossom and the tender 
shoots of early potatoes. Land lying above this 
stagnant pool of cold air escapes these frosts and is 
therefore a safer place for susceptible crops, even 
though its mean temperature may be lower than that 
of the valley. Where, however, the low land adjoins 
the sea or any great body of water it is protected 
from these frosts and is, indeed, better than land 
lying further off because it is wanner. 

We can now understand why fruit is so often 
grown in undulatii^ country. Slopes are needed to 
give the desired shelter and aspect, but above all to 
avoid risks of late frosts. The "lucky banks" of the 
Evesham district, on which crops can nearly always 
be got, are of this character. In the fruit-growing 
region of Kent the fruit tends to coUect on the middle 
■ slopes, hops on the lower ground (or wood, if the ground 
is wet), and woodland or nuts on the higher ground. 
But near the sea — and this holds generally round 
the coast — fruit can be grown with advantage on the 
lower ground. 

Chmate and soil, however, do not entirely determine 
what crops shall be grown, although they certainly 
play a great part. Agriculture is always pursued for 
profit, and the cultivator does not necessarily grow 
the crop that naturally dots best on the land, but 
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the one that pays best. Thus a set of economic 
factors comes into play, working along with the climatic 
f&ctors and with them determining what crops shall 
and what shall not be grown. It is impossible to 
overlook these economic considerations in any real 
study of soil fertility, but as we must keep our subject 
within reasonable bounds we can only indicate their 
general nature. 

As the produce of the land has to be sold it obviously 
must be got to the market ; chief among the economic 
factors is therefore the question of transport. From 
this point of view live stock presents least difficulties ; 
animals can be made to walk to market while crops 
have to be carried. Sheep, cattle, and horses there- 
fore tend to become the mainstay of a^culture in 
countries destitute of transport facilities. But where 
transport is possible wheat or maize becomes the 
most convenient product, for either will keep almost 
indefinitely so long aa it renLains dry, suffering httle 
if any deterioration, however long the journey to 
market may take, and, what is more important from 
the settler's point of view, both are always saleable. On 
the other hand, fruit and vegetables will not keep and 
can only be grown where transport facilities are good. 

History repeats itself with but Uttle variation in 
the agricultural development of virgin countries in 
temperate regions. At first the country is pastoral. 
Then with the opening of railways comes wheat or 
maize production. Later on when the country is 
more closely settled other crops are raised and wheat 
loses its premier position : oats are wanted in enormous 
quantities for the horses used in railway and other 
construction work, green crops are needed for thft 

6—2 
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TreeleBs prairie, first stage of development. 
Ranching (Sonndiog Lake, A]ta.). 



Treeless piairie, last stage of development. Ac Experimental 
Farm (Indian Head, Sask.). 

Fig. 17. Development of prairie land. Western Canada. 
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cattle and sheep, and other crops are wanted to satisfy 
the more exacting needs of the population that follows 
the simple-hving pioneer. Then as transport becomes 
still easier fruit and vegetables are raised in suitable 
districts for shipment to the cities or abroad {Pig. 17). 
Canada, South Africa, Anstraha and the United States 
show all these stages of development. Finally, when 
wealth has accumulated and brought leisure and 
freedom from the struggle, there arises a fastidious 
people that picks and chooses and puts a price on 
subtle differences in quality inappreciable to the 
unsophisticated. Faahion, prejudice and sheer boredom 
now become factors and lead to demands for particular 
varieties of particular crops grown in some special 
manner : so high a price is offered to anyone who will 
provide these things that the supply is soon forthcoming. 
The position to which all these observations lead 
is this : climatic considerations dictate what crops 
can and what cannot be grown in a given region; 
they further modify the soil and thus affect the ease 
of raising the crop. Economic considerations such as 
transport and market price determine which of all 
possible crops shall actually be grown. All this leads 
to much specialisation in crop production as is demon- 
strated by the crop-map of Great Britain {Fig. 18). 
The warm districts of Cornwall, the Channel Islands 
and parts of the Ayrshire coast 3de]d early crops; 
the dry districts of the eastern counties produce wheat, 
barley, peas and seed. The cooler moister regions 
of Cheshire, the Fens, the Wash, and the Lothiems 
produce potatoes ; oats and swedes are raised in moist 
regions, whUe in still wetter districts grass and dairying 
come in. Wherever the chmate is satisfactory and 
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the railway connections good an industry springs up 
in fruit and vegetables. Finally, the higher or less 
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Fig. 18. Crop Hap and Isotherms of Gi«at Britain, 
accessible districts are given up to the raising of live 
stock to be fattened out in those favoured districts 
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where animal food grows more quickly than the 
animals bom on the spot can consume it. 

To some extent it is possible to modify the domi- 
nating effects of climate on crops ; there is a little 
elasticity in both directions. Plants are somewhat 
plastic and can be moulded to a certain degree in the 
. plant breeder's hands; they can be bred to tolerate 
greater cold or more drought than usual. Thus in 
Canada wheats are being produced to grow further 
north than ordinary kinds so as to take into cultiva- 
tion a belt of land at present suited only for grass. 
In Australia wheat has been bred to tolerate drought 
and grow in the drier regions. This sort of work is 
being done very widely and we do not yet know how 
far it can be pushed. 

Climate apparently cannot be altered; indeed, we 
can only get over some of its bad effects in one direction. 
Temperature is at present beyond our control; the 
hot regions remain hot and the cold regions remain 
cold and we cannot alter matters. Wet districts can 
be improved somewhat by drainage. Our great 
triumph, however, is in the dry districts. Irrigation 
and the special agricultural methods known as dry 
farming have brought into cultivation enormous trttcta 
of land, hitherto desert, in India, South Africa, Canada, 
Australia and Egypt, while a great project is on foot 
for Mesopotamia. But the mention of Egypt and of 
Mesopotamia reminds us that our modem triumph is 
no modem invention. Egypt and Mesopotamia were 
irrigated long before our civilisation appeared; the 
fanning methods of the Syrian peasant handed down 
by long tradition contain in them all the principles 
of our modem dry farming. 
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THE CONTROL OF THE SOIL 
CHAPTER V 

CULTIVATION 

In the preceding chapters we have been dealing 
with the soil as it stands in the field and studying 
the changes which it undeigoes in the natural state. 
We now turn to the second part of our subject: the 
methods whereby the farmer can utilise the soil to 
the greatest advantage and make it yield crops in 
quantities that repay the time and trouble involved. 

Two courses are open to the farmer: he may be 
content with the soil as it is, or he may try to improve 
it. The first is much the simpler plan and has perforce 
to be adopted in many parts of the colonies: the 
improvement of the soil is a more serious affair, and 
is looked upon as being in part at any rate the landlord's 
business. The distinction is so important in practice 
that special terms are used to express it. The word 
" heart " or " condition " denotes the state of the soil 
as it stands; a soil being in good " heart" when the 
farmer is working it for aU it is worth, cultivating 
and manuring it wisely fmd well but not effecting 
any costly improvements, "Fertihty" is used to 
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espress the inherent capabiliti^ of the soil which can 
only be improved by -cOBtly operationB usually under- 
taken by the owner of the land. The distinction 
is not as real as it looks, " condition " and " fertihty " 
are simply different degrees of the same thing, and 
they are separated only as a matter of convenience. 
In this chapter we shall deal with the simpler case 
only, and shall discuss the cultivation processes which 
make full use of everything in the aoil without, however, 
permanently improving it. 

Practical growers have long since discovered that 
crops will not grow unless the land is properly ctdti- 
vatad, and indeed the connection between cultivation 
and crop growth is so close that much of the improve- 
ment in farming in the last century must be put down 
to improved methods of cultivation, while much of 
the success of the best farmers in growing large and 
vigorous crops to-day arises from the complete mastery 
they have gained of the cultivation of the soil. Winter 
and spring work on the land consists largely in the 
preparation of the seed bed, and unless this is properly 
done the crop runs great risk of failure. 

It is our business in this chapter to study the reasons 
for the various cultivation operations and to ascertain 
what effects they produce on the soil. There is still 
a good deal to be discovered but sufficient is known 
to indicate the broad outlines of the subject. 

The first object of the cultivation is to get the 
soil into a good " tilth," i.e., to make it assume the 
nice crumbly condition which long experience has 
shown is best suited to the growth of plants. The 
important fact here is that the clay can exist in two 
states — the sticky and the crumbly state : and it is 
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such a dominating substance that it confers these 
properties on the soil. In consequence any soil 
which contains more than about 10 per cent, of clay 
may appear in two very different guises — either in 
the nice crumbly condition of a fine tilth, or in the 
other state when it ib sticky after a spell of wet weather, 
and dries into hard clods in dry weather. 

Winier cultivations. Two of the great objects of 
winter cultivation are to ensure that the land shall 
dry quickly in spring and that the clay shall take on 
the proper crumbly condition. The former ia secured 
by leaving the land in a rough state so that a con- 
siderable surface is exposed and also by arranging that 
water can easily get away. The latter is effected by 
a combination- of good cultivation with the addition 
of lime, chalk or limestone, and of organic matter, and 
by exposure to frost. On the other hand long exposure 
to water {e.g., a long wet winter), alkaline Bubatanees 
such as hquid manure, leirge excess of certain fertiUsers, 
and general bad management, all tend to change the 
crumbly into the undesirable sticky state. 

We are at present only concerned with the cultiva- 
tion process: the effect of lime and organic matter 
is dealt with in the next chapter. 

The actual mechanical part of the process of 
breaking up the soil and exposing it to the frost does 
not concern us here. But the time of the operation 
does, because the exposure of the soil to weather not 
only means that it is carrying no crop, but may mean 
considerable loss of plant food. A soil that is at 
all light or porous readily loses its valuable nitrates, 
and although the loss is not so serious on heavier 
loams and clays, it takes place even there. The loss 
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only seems to go on, however, in wet weather and if 
one could rely on having the ground frozen hard 
throughout the winter it would be simple enough 
to arrange about cultivation; one would turn the 
ground up roughly at the begmning of the winter, 
and leave it to the end. Unfortunately, our winters 
are variable, and land turned up in autumn may only 
occasionally get frozen, and may lie wet for long 
periods; it then derives very little benefit from the 
ctdtivation, and suffers considerable loss of plant food. 

It must, therefore, be arranged that the cultivation 
effect is at a maximum, while the loss is at a minimum. 
The general rule is that Ught soils may be left un- 
cultivated until late in the winter or early spring, 
partly because the amount of frost they require is 
only small, partly because the loss that they would 
suffer in rain is very large. Heavy soils, however, 
should be turned up as early in the autumn as possible 
because they require a lai^e amount of frost, and 
suffer only little loss. The rule, of course, requires 
intelligent appbcation and adaptation to each locality. 

The effect of winter cultivation in lightening the 
soil is well seen in the following experiment devised 
by Mr F, J. Gumey. Mark out a plot of ground 
one rod square and divide it up into square yards; 
at the comer of each square dig a hole 12 inches deep. 
Place a brick at the bottom of each hole and on it 
stand an iron rod 16 inches long {and therefore project- 
ing 8 inches above the surface of the soil) tmd put in 
sufficient concrete to hold the rod rigid : then fill 
up with earth. The plot wiU now be provided with 
25 fixed posts projecting out from the soil (Fig, 19). 
Lay a straight edge from post to post and measure 
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with a niler the depth of the Burfaoe below it. The 
posts being 6xed this straight edge is a fixed base 
line which enables you to follow the chai^ in level 
of the soil at any time. Divide the plot into two 
piurts, leave one alone ajid dig the other deeply, leaving 




Pig. 19. Plot of land with fiied p^a for onltivation 
experimentB. (Mi Qurnej'a eiperinieiit.) 

the surface approximately level. The following are 
some of the results obtained: 



Level ot eoU below etraight edge 


Mean 


Before digging „ 6t SJ 6i 7 7 7 


e| inches 


After digging ..433334 


3i „ 


Raising of anrfaoe dno to digging 


3 



Readings should also be taken after a heavy down- 
pour of rain, and after a good frost to show how these 
affect the soil. 

Spring cultivation. The object of the spring culti- 
vation is to complete the winter cultivation and obtain 
a tilth suitable to the crop. The operations depend on 
the fact that if the clay is in the ]n-oper atate small 
lumps of soil readily fall to pieces when just sufficiently 
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moist. Hence after winter the soil is allowed to dry 
and is then broken down into small lumps by a clod- 
orusher: these are then allowed to become moist so 
that they break to pieces with harrows. The operation 
probably demands more skill and judgement than any 
other part of soil management: both the drying and 
the rewetting are done by the weather and are therefore 
largely out of farmers' control; only a limited time is 
available and the season for sowing the crop soon 
passes; and, on the other hand, if the farmer tries to 
hurry matters too much and begins before the land is 
dry enough he may poach it bo badly aa to ruin it for 
a time. His only chance, therefore, is to have his 
work well forward in autumn and winter so as to take 
full advantage of favourable opportunities in spring. 
The ideal case arises when the soil was turned up roughly 
in autumn, when the winter was frosty, and the spring 
just sufficiently showery to soften the lumps at the 
proper time and facilitate their breaking down under 
the harrows. A mild winter makes matters more 
difficult because the clay does not flocculate. If the 
early spring is dry the soil dries to a hard surface, or, 
in the case of lighter soils to steely lumps which can 
be broken by the Croeskill or other rtdler; if, however, 
the spring remains dry there is great difficulty in getting 
any further and obtaining a proper tilth ; this is often 
experienced on the loams of the south-eastern parts 
of England where spring rainfall is low and winters 
are mild. A good cultivator watching his opportunities 
often achieves remarkable results, but no one has yet 
succeeded in reducing his art to an exact science. 

The most difficult case arises when the winter is 
mild and wet and the spring wet so that the soil never 
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dries for the preliminary breaking down into small 
lumps. The heavier the soil the worse the trouble : 
and seasons of this kind have sometimes proved 
disastrous. No way round the difficulty ia yet known, 
and this is one reason why heavy soils are often not 
brought into arable cultivation. 

Boiling. It has already been stated that frost 
pufFs up and hghtens the soil and where the soil is 
already rather porous the effect may be actually harmful 
to the plant. It is essential that sufficiently close 
contact should be maintained between the soil and 
the root, otherwise the plant does not obtain the proper 
supply of water and nutrient salts ; wherever the winter 
frosts have so puffed up the soU as to reduce this 
contact too much it is necessary to compa<3t the soU 
again by rolling. These effects are produced by the 
furrow pressor used for all cereal crops on light chalky 
soils, and for wheat after a ley on many other soils. 

Another factor comes into play on grass land. 
Earthworms burrow in the soil and throw out material 
from below on to the surface. These casts accumulate 
steadily at a rate caleiilated by Darwin to be about one 
inch in ten years. The worms honeycomb the ground 
with their biurows, and this action, though necessary 
to the plant, becomes after a certain stage harmful 
and injures the grass while allowing moss to grow. 

Fortunately the remedy in both cases is simple: 
the ground should be rolled during dry weather in 
spring until the proper degree of compactness is reached. 
This operation is very necessary on chalk soils, sandy 
loams, and grass land. 

Summer cultivation consists in hoeing and its object 
is two- fold: to keep the surface of the soil in a fine 
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state and to kill weeds. A layer or "mulch" of fine 
soil keeps the land cool during hot weather and pre- 
vents loss of moisture. This can be shown by the 
following experiment: 

Set out three plots each 3 ft. x 3 ft. : leave one 
alone entirely so that it may cover itself with weeds : 
keep the second clean by hand weeding but do not 
touch it otherwise : keep the third well hoed. Take 
readings of the temperature of the soil at depths of 
J inch, 3 inches and 6 inches below the surface : in 
particular obtain readings on hot sunny days and 
on cold windy days. Periodically also take samples 
for the determination of the moisture content: this 
is done by driving in the borer (Fig. 33, p. 194) to 
a depth of 6 inches, weighing the soil that is with- 
drawn (or a fair sample of it), leaving to dry in a warm 
place and then weighing again. Table H gives some 
of the results which have been obtained. 

Table II. Effect of hoeing on moisture amtent and 
temperature of soil 





Hot arnmj day 


Cold sunleBS day | 


Untouched 


Hoed 




Hoed 


Soil temperature r 


36--0C. 
27°-0C. 


31° 5 C. 

26'-% C. 
26''-5 C. 


17°-6 C. 
16°-7 0. 
15°.8 C. 


IV'Oa 
16°-3 C. 

16°.5 O. 


Soil moiBtme, per 


14-7 


16-0 


19'3 


18-4 



Hoeing reduces the temperature and economises 
the water supply of the soil on hot sunny days, but 
it seems to have no such effect in cold sunless weather. 
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In our country there are so many cold sunless 
days that it is doubtful whether constant hoeii^ 
would be worth doing on a farm, although it is often 
found to be advantageous ui market gardens by reducing 
the necessity for artificial watering. But in sunnier 
drier climates the gains in soil moisture are more 
pronounced and are worth obtaining even in farm . 
practice: it is then customary to send out the disk 
harrows and start surface cultivation directly a 
shower of rain has fallen, and before the land has had 
time to dry up again. This is the central idea of " dry 
farming." 

Under moister and cooler cUmatic conditions 
probably the chief effect of hoeing is to keep down 
weeds. This is indicated by an interesting experiment 
that has several times' been made, but not with sufficient 
exactness, in which a crep is grown (a) without any 
hoeing or attention; (6) not hoed, but weeds were 
carefully picked off; (c) hoed. The neglected plot 
becomes infested with weeds and the crop does very 
badly, but there is usually not much difference 
between the hoed plot and the one where the weeds 
were simply pulled out. The student should try it 
for himself. The result is very important; some of 
the older soil workers thought that the actual stirring 
of the soU was beneficial, but if wider experience 
showed that the only effect was to kill weeds an 
important piece of knowledge would have been gained. 

This leads to the second important aspect of 
cultivation ; its effect in keeping down weeds. 

Cultivated plants cannot usually survive competi- 
tion; there are of course exceptions and everyone 
knows the type of plants that crowd out all their 
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neighbouTB. Nerertheless the mere fact that these 
are spoken of as " growing lite weeds " proves how 
exceptional is the character. The bad effect of a high 
hedge is notorious while the dama^ done by a single 
large tree may amount to as much as 1«. a year. 
Mr Pickering has shown that the damage is mutual 
and that the tree also suffers considerably', at any 
rate when it is young. Weeds in particular have 
to be excluded aa much as possible from the crop and 
the most effective way of doing this is by cultivation. 
The best farmers always have their land cleanest, and 
not only do they secure bigger crops and higher quality 
but they have nothing to waste. 

FaUomng, or leaving the ground free of crops, 
gives the farmer a free hand for his cultivations, and 
it also appears to allow the soil bacteria more scope 
for carrying out their useful work. 

Recent investigations indicate that the growing 
plant may in some way interfere with bacterial activity 
in the soil and reduce the amount of nitrate produced. 
Thus there is less nitrate present on cropped land 
than on fallow land even after allowing for what 
has been taken up by the crop. The following data 
were obtained at Bothamsted: 





N 


aa nitrate. 


Iba. per acre 




June 


1911 


Jtma 1912 




faUow 


wheat 


tallow wheat 


Inaoil 


64 


16 


46 13 


In crop 


— 


23 


— 6 


Total 


S4 


IT 


46 19 


Defioit in cropped land 16 


27 



' Reports of the Wobnni Experimental Fmlt Farm, eBpeoially 
14tt Beport. 19U. 
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Indeed, wherever the climate allows, it is good 
practice to plough very early in autumn and culti- 
vate well 80 as to kill weeds and to give the bacteria 
a good chance of storing up nitrates for a winter-sown 
crop. It may even be profitable to secure an earlier 
start by sacrificing the aftermath of the seeds ley. On 
heavy land it is sometimes found worth while to spend 
a whole season over the fallow, sacrificing rent, rates 
and capital charges, so as to allow ample opportunity 
for obtaining these various effects of spring and summer 
cultivation. 

Svbsoiling and trenching. The object of these 
operations is to increase the root range of the plants. 

In ordinary circumstances plants do not have a 
great deal of root room : the surface layer, which 
alone is well suited to their requirements, is only 
about 5 or 6 inches deep — not always as much, indeed 
— and it is usually underlain by a subsoil which is 
not particularly suited to the plant and from which 
its roots cannot draw much nourishment. Any process 
that makes the subsoil a better habitat for the roots 
increases the extent of the root range and therefore 
enables the plant to make better growth. The obvioua 
method of improvement is to make the subsoil more 
closely resemble the surface soil, and in designing 
the necessary cultural operations it is necessary to 
bear in mind the distinctions already set out (Chapter II) 
between the .surface and the subsoil, viz., the presence 
in the subsoil of less food, less organic matter and 
less air than the surface soil, and the presence of more 
clay, which is likely to be in the undesirable sticky state. 

The improvement of the subsoil is not commonly 
attempted in farm practice excepting only on arable 
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soils where a plough-aole has been formed through 
the constant tramping of the horaea, or where a pan 
occTire near the surface ; recourse is then had to 
subsoiling, and often with considerable success. The 
operation is not necessary oftener than once in four 
or five years, and it can well be done as part of the 
preparation for the root crop. 

In market gardening and horticulture it is common 
to trench the land, and owing to its great importance 
this process requires some consideration. We have 
ah^ady seen in what characters the subsoil diflEers 
from the surface soU, and the object of this type 
of cultivation is to make the two more nearly aUke. 
One difference between them Ues in the amoimt of 
plant food they contain. Sixty years ago it was 
thought that the subsoil was really the virgin soil, 
rich in stores of food that only needed liberating by 
the action of frost. Sixty years of experiment have 
shown that this is not correct; the subsoil is really 
very poor in plant nutrients, and nothing whatever 
is gained by bringing it to the surface. Considered 
as a manure it is despicably poor. This is the general 
rule ; exceptions arise when the subsoil contains much 
chalk or marl, and the surface soil does not; or when 
the subsoil is clay, and the surface soil is too Ught a 
sand. With these exceptions the subsoil is much 
poorer than the surface soil, and therefore to make 
it equal the gardener must add manure to it. 

To get the subsoil into the same mechanical condi- 
tion as the surface soil is not easy because frost does 
not penetrate readily. Something can be done, how- 
ever, by adding Hme, limestone, chalk, or basic slag, 
to the subsoil at the time of trenching. 

6—2 
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The roots of the plants have a wonderful facility 
for boring their way into the subsoil, and very stout 
roois can often be found well below the surface depth. 
It is not clear, however, that the loosenii^ of the soil 
is particularly helpful to these plants, indeed a soil 
which is simply loosened and then left soon settles 
back to its natural condition. 

Three methods of trenching have been used: 

1. The top spit is kept on the top, and manure 
is buried in with the subsoil. 

2. The digging is done in the same way but no 
manure is added, the subsoil being simply loosened. 

3. The subsoil is put on the top and the suxfcKse 
soil below. 

These three methods have given rise to much dis- 
cussion but there are times when at least two of them 
are sound. 

The first is practically always beneficial, though it 
is not always a commercial success. 

Recent experiment at the Wobum Fruit Ffum 
and at Rothamsted have shown that the second 
method (the loosening of the subsoil without eulditional 
manure) has very Uttle effect either on the water 
content, the amount of plant food or the growth 
of fruit trees. There is no evidence that this operation 
is worth doing; the gardener who takes the trouble 
to trench should certainly not miss the excellent oppor- 
tunity it affords for putting the very necessary manure 
into the lower spit. 

There are, however, cases where the third method 
(the inverdon of the surface soil and bringing up of 
the subsoil) has worked very well, particularly on 
sandy soils where the difference between the surface 
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and the subBoil is much smaller than it is on the loama 
and clays. The subsoil is not pEu-ticularly unsuited 
for the growth of plants, and when it ia brought up 
to the surface it only requires proper manuring to enable 
plants to make a satisfactory start. Then when the 
roots grow down to the second spit they come to the 
old surface soil and develope well: thus in the end 
they range over two spita whereas on imtrenched 
land they cover one spit only. 

We can now make a general summary of the effects 
of cultivation ; they are : 

1. To change the clay — and therefore the soil — 
from the sticky state which is bad for plants to the 
useful crumbly state. 

2. To keep the surfa^ie fine so as to reduce the 
temperature and conserve the water supply on hot 
£ne days. 

3. To give the crop a clear field for growth and 
reduce competition by weeds : this seems also to enable 
the bacteria more rapidly to accumulate nitrates in 
the sou. 

4. In horticultural and market garden practice to 
change the subsoil and make it as nearly as possible 
like the surface soil. 
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CHAPTER VI 

THE CONTROL OF SOIL FERTILITY 

Wffi now turn to the final part of our subject : 
the study of the methods by which the fertility of the 
soil may be increased, or, in other words, the soil 
may be made more favourable for the growth of plants. 
It will be remembered that the plant requires from 
the soil six conditions, viz. : 

1. Proper water supply. 

2. Proper air supply. 

3. Suitable temperature. 

4. Nutrient salts. 

5. Ample root room, 

6. Absence of injurious substances or pesta. 
Further, these six are all quite distinct : it is no good 

satisfying five of them if the sixth is not attended to : 
any single one left unsatisfied may operate as a limiting 
factor and render the soil infertile. 

Thus the problem of increasii^ the fertihty of the 
soil reduces itself to the discovery, first of the factor 
or factors limiting the growth of the crop, and then 
of the best methods of overcoming the limiting factors. 

Sometimes the fault Ues with the soil, sometimes 
with its surroundings : in the first case the defects 
may be called intrinsic, in the second extrinsic. It 
is necessary carefully to distinguish between these: 
there is obviously no point in spending time and money 
in doing something to the soil when the surroundings 
are unsuitable, or in elaborately trying to improve 
the surroundings when the soil is not worth it. 
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The distinction is well illustrated by the follow- 
ing experiment due to S. T. Parkinson^. A trench 
5 ft. broad, 30 ft. long and 3 ft. deep was dug out: 
the sides and bottom were lined with loose bricks 
and atones, and four partitions were put up. The 
divisions were then filled respectively with a good 
loam, a peat, a gault clay, a poor sand and broken 



varions tjpes of soiL 
Biporiment. ) 

chalk. Carrots were sown and gave results shown in 
Fig, 20. The student should repeat the experiment 
using typical local soils. The observed differences 
depend on the intrinsic properties of the soil, the 
extrinsic conditions being the same for all. 

The chief intrinsic conditions are that the soil 
must be capable of going into a good tilth, that it 
must contain enough of all the constituents required 

' JmiTn. South Eastera Agric. Coll., Wye, 1910, 2E&-261. 
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for the plant and that it mtist not be " aour," while 
the most important eodrinsk, conditions are that it 
must be sufficiently deep, sufficiently supplied with 
water during the growing period of the plant, and 
exposed to suitable climatic conditions. 

Perhaps the most widespread soil defect is "sour- 
ness" or "acidity." "Sourness" is a state that can- 
not easily be defined although a good cultivator easily 
recognisee it. It arises through lack of lime and shows 
itself in a bad physical state of the soil and in the 
poor growth and obviously unhappy appearance of 
the vegetation, especially of clover. It ia partly due 
to defloceulation of the clay but apparently partly 
also to the presence of certain harmful aubetaneea 
formed under these special conditions. Unfortunately 
few invest^ations have been made in this country on 
"sonmesa," but it can be cured by additions of lime 
and proper cultivation. "Acidity" can be recognised 
readily by Utmua paper ; a blue piece changing to red 
in contact with an "aeid" soil. Until sufficient hme 
has been added to correct "sourness" or "acidity" 
no scheme of husbandry is likely to be successful. 

As a general rule no soil is satisfactory unless it 
can be got into the nice crumbly condition or " tilth " 
which the gardener aims at in preparing a seed bed. 
This requires that the clay should be flocculated, 
which, as we have seen, can be done by {!) adding 
lime or chalk, (2) adding organic manures, (3) leaving 
the soil turned up and exposed to winter frosts, 
(4) cultivating the soil only when it is in the right 
condition and carefully refraining from touching it 
when it is too wet. Heavy clay soils can rarely be 
got into a good tilth and hence are unsuitable for 
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cultivation : light soils easily acquire the proper tilth : 
in between come a whole series of soils which a skilful 
farmer can mam^e while an unskilful one cannot. 
But it may be taken as a guiding principle that if 
a good tilth cannot be secured either the soil or the 
man is at fault and failure is almost certain to follow. 

Again, the soil must be sufficiently deep. Even 
the best soil would prove infertile if it were spread 
out too thinly on a rock or a gravel bed, or if it were 
waterlogged to within a few inches of the surface. 
Most soils are improved by being deepened, but before 
deciding how to proceed a careful examination has 
to be made on the spot. The simplest case arises 
when a thin layer of rock parts the surface soil from 
the subsoil below: sometimes such a layer has been 
formed in recent times and is known as a pan. So 
long as this remains it effectually checks plant growth. 
When it is broken up and removed a greater depth 
of soil is at once formed and plants develope much 
more readily. An example of this improvement on 
a large scale is furnished by Cox Heath, Maidstone, 
once a waste, now a fertile tract^. 

Sometimes, however, the rock is solid and then 
it obviously cannot be removed. If it lies in regular 
layers end on to the surface there is the possibility 
that some of the roots may be able to find a way 
in between, as happens in the Upper Greensand beds 
of West Sussex, but if the layers he horizontally the 
chance of success is much smaller. The case becomes 
still more difficult when the soil lies on gravel. 
The " shrave " of West Sussex, the commons of 

' TMb and other reclamations are dealt with more fully in the 
autlior'a FerlUily of the Soil, Cambridge UniTersitj Preas, Is. net. 
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Hertfordshire, are formed of thin soils lying on gravel 
which could never be managed satisfactorily in spite of 
the fact that good farmers have always been found on 
the deeper soils round about them. Modem science 
has as yet no way to suggest (Figs. 21 and 22). 

When the shallowneas of the soil ie due to water 
an obvious remedy consists in lowering the water table 
by drainage. Over a lai^ part of Ei^land this 
trouble did exist, and one of the greatest achievements 
of the l&th century was the extensive drainage that 
was undertaken. Some of it, of course, was done 
badly, the drains being put too deeply, and some of 
it wants doing again especially where the pipes have 
got blocked up, but the improvement was great and 
last«d for a long time. 

Bad drainage is one of the common causes of 
infertility on heavy soils in this country. It was 
met in the old days by laying up the land in high 
ridges several yards wide (often a rod wide) which were 
commonly not quite straight but curved at each end 
like a long drawn out S, the result of a difficulty in 
turning the ploughs in the days when a long team 
of oxen was used. The scheme had the drawback 
that the fmrows were usually too wet and too much 
on the subsoil for a satisfactory growth, and some- 
times the plants failed altogether. Even a shallow 
furrow has a had efEect. Moreover the advent of the 
binder has necessitated the use of flat ground and made 
the old ridges impossible. 

From 1823, when James Smith of Deanston, 
Perthshire, began to draw attention to drainage, lai^e 
areas of land have been pipe-drained. The cost is 
high and in many cases the result must have involved 
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Chalk tubeoil. This land can be cultivated although the 
soil is thin. (Hupenden.) 



Oravd mibtoil. This land cannot be cultivated because the soil ia to 

thin for a gravel Bubaoil. (No Man's Land, Wheatbamp«toad.] 

Fig. 22, Influence of the BubsoiL 
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financial loss although the contingent benefits in the 
countryside were probably worth it. In the old days 
there was a great dispute as to how deep the drains 
should be laid : Smith laid shallow drains, and Josiah ■ 
Farkes, a famoiis engineer, who drained Chat Moss and 
other great areas, laid deep drains. It is now known 
that both sides had a good case : shallow drains are 
needed when the water to be removed comes from 
above — e..g., from excessive rain or seepage from high 
land — and deep drains when the water is thrown up 
from below. Before deciding on the depth of the drains, 
therefore, it is necessary to ascertain where the water 
is coming from and how and where it can best be inter- 
cepted. 

On clay lands the water usually comes as rain 
and therefore shallow drains are b^t. The pipes 
are commonly 3 in. diameter and are often laid 2} 
to 3J ft. deep and at distances of 15 to 30 ft. apart, 
but an inteUigently thought-out plan is always wanted. 
The cost is considerable — it is put at about £7 per 
acre — and where it is undesirable to spend so much 
money a mole plough often furnishes a cheap and 
tolerably ef&cient substitute especially where there is 
a reasonable fall to a ditch. This implement oute 
out a 3-4 inch tunnel 18 in. to 3 ft. below the surface 
of the soil into which the water can drain. The tunnel 
is more permanent than might be anticipated, and may 
be expected to last 15 to 20 years or more, especially 
if it does not run straight into the ditch but into the 
old mains, or, if these cannot be found and cleared, 
into new pipe drains discharging into the ditch^. 

' See paper by D. T. Thring, " Mole-drain^e and the renovation 
of old pipe drainfl." Joam. Boy. Agrie. 8oc,, 1914, lsxiv. 76-89. 
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Whatever the drainage scheme it is particularly 
important that the ditehes should be kept clean and 
the outfalls of the drains open: the main drainage 
brook of the district must also be cleaned regularly. 
If the land is not wet enough to need actual pipe 
drains it may still require a water furrow to carry 
away excess of rain, and, should no natural outlet 
occur, a sump or a dell may be made, as is done in 
parts of Hertfordshire. The great point is that water 
must not stand about on the land. 

It id not enough that the soil should go into a good 
tilth and be of sufficient depth : it must also contain 
all the things wanted for the proper growth of the 
plant. The soil, in short, must be complete, containing 
adequate quantities of sand, silt, clay, calcium carbonate, 
organic matter, and the various nutrient salts. Many 
natural soils are lacking in some direction or another, 
but it is usually possible to make good the defect. 
The farmer, however, wants more than this : he 
wante to make a profit on the transaction, and there- 
fore a compromise usually has to be eflEeeted between 
the ideal and the commercial. Sand can be added 
if necessary, but 100 tons or more would commonly 
be required per acre to make any appreciable difference. 
This would cost too much to be practicable in England 
although it can be done in countries where labour 
is very cheap. Clay can be added at less expense 
because a dressing goes further than in the case of 
sand : the operation becomes a commercial poasibihty 
when the clay contains calcimn carbonate^, so that 
two desirable constituents are added in one operation, 
niustrations are afforded in the Isle of Ely, where 
t This mixture is called Marl. 
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such clay is obtained from below the surfacse. The 
method consists in laying trenches, 18 yards apart, 
and in each digging holes ten to the chain and sufficiently 
deep to reach the clay : about a ton is then got from 
every hole and spread round about. The cost of the 
operation is some 50a. per acre. A considerable area 
of land in the Pays de Waes, between Antwerp and 
Ostend, was improved in this way. 

Chalk or Ume is still more easily added : some 20-40 
tons per acre of chalk are needed, but much smaller 
quantities of lime suffice. Organic matter can be added 
in two ways : either by adding farmyard manure or 
other organic manures, or by green manuring. The 
nutrient salts can also be added in the form of various 



The question of improving soil in many cases 
therefore reduces itself to one of cost. It hEis become 
the practice in this country to regard the more costly 
and permanent methods— such aa drainage— -as the 
landlord's business, and the cheaper and more transient 
methods— such as manuring — as the tenant's business 
for which, however, he is compensated if he quits 
the holding before a certain interval of time has 
elapsed. Now the landlord is not always able or 
willing to expend money on c<»tly improvements ajid 
the question then arises : what line is the tenant to take ? 

In deciding what to do the farmer must remember 
the universal law that the plant must have all its 
requirements satisfied and excess of one cannot replace 
insufficiency of another. He must therefore get over 
each defect as he discovers it. First the obvious 
defects must be corrected. Thus if the soil is water- 
logged it is no use putting on manure until a way out 
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haa been found for the water. The farmer may be able 
to do this by means of a few trenches or mole-plongh- 
ing, but if he cannot the water will set a limit beyond 
which his crops will not grow : it is therefore useless 
to spend time and money in trying to make them. 
Next a good dressing of lime, Umestone or chalk must 
be given. Then if there is a pan or plough-sole, or 
if the land has obviously only had shallow cultivation 
for a long time, recourse must be had to subsoiling 
or deep ploughing. In bad cases a fallow must be 
taken, but ordinarily a root crop allows all necessary 
cultivations for improving the state of the soil. 

In drawing up the scheme of husbandry crops 
must always be chosen that suit the conditions : only 
the horticulturist can afford to attempt plants not 
naturally suited to the soil. Even different varieties 
of the same crop show different preferences, and 
marked improvements in yield can often be obtained 
by getting true seed of a variety that happens to suit 
the general conditions of the farm. There is great 
scope for the plant breeder in this direction. How- 
ever, even after the most suitable variety has been 
discovered there may stiU be something la<;king in the 
soil or something that keeps down the crops to a 
certain level; the farmer should always work up to 
this, but he must realise that he cannot get beyond it. 
Table III gives an illustration from the Rothamsted 
field plots : the land as it stands, without any addition 
of manure but cultivated well so as to get a good 
tilth, yields on an avera^ 13 bushels of wheat and 13 
bushels of barley, but never more than 20 and 26 re- 
spectively^ : when suitable plant nutrients are added to 
' In 1864 and 1887 respectively; not BJnce. 
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the soil these yields are increased to 32 and 43 bushels. 
By improving the rotation the yield can he pushed 
up a little, and so it can by adding chalk, hut the 
Rothamsted soil never gives as good wheat yields as 
cEm readily be obtained at less expenditure on manure 
on the brick earths of the south-east of England, 
and it wovM be uadesa for a farmer to buy manure 
to try and make it : the soil type is the limiting factor 



Table III. 



Yield of wheat from various soils, 
bushels per acre 







Soil lesa suited U 


wheat 




wheat 8oU 












Artificial 




SoBsez 
brick earth 


Unmanured 


Dung 


Very heavy 
dressing 


Ooodyeari: 


















1887 


60 


IS 


35 


36 


1899 


53 


12 


43 


39 


-^s-^ 










32 


6 


16 


21 


1892 


27 


9 


33 


38 


Average of 6 years: 










1900-1004 


44 








1905-1909 


42 


13 


38 


41 



{Fig. 20). And so with most soils: the tenant should 
work them up to their full' capacity but there is a 
limit beyond which he cannot go. If this limit is 
to be passed it can only be done by means of some 
big permanent improvement which should be under- 
taken by the landlord if it is to be done at all, but 
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which may not be worth attempting becauae the climate 
may prevent better growth. 

The history of agriculture affords many instances 
of the way in which the yield is pushed up by steadily 

WHEAT S0II5 



^^^1 CouH Bud. I lo 0-! mm. BgBSBBSa Flna Silt. Dl to «0! mm. 

F!g. 23 a. M«chianical compositioa of soiU well adapted for 

removing the Hmiting factors that had been keeping 
it down. From the medieval writers we may infer 
that 10 bushels was a common crop of wheat in their 
day: this was obtained on unenclosed land by the 
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use of such stable manure as could be got. Later 
on, when the land was enclosed, it could be kept cleaner : 
competition of weeds was therefore reduced ; still later 

POTATO SOIIS 



1 Ping Gnvc], larger 



F[neStnd.£l'S toO«4niin. ^^^H CUy, smaller tJiui -002 mm. 

Fig. 23 b. Mechanical compoaitioa of soils well ad&pted for 

rotations were gradually introduced ; liming and chalking 
were more carefidly done ; drainage was attended to ; 
in the middle of the 19th century artificial manures 

7—2 
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were introduced and tillages were improved; etill 
more recently improved varieties and better seed have 
been available so that now 40 bushels are readily 
obtained by good farmers. Each improvement has 
consisted in removing some factor that was keeping 
down the yield to a certain level. But there still remain 
two sets of factors that cannot yet be controlled: 
the climate and the soil type. The difficulty is met 
by growing crops suited to the conditions, and this 
explains why certain crops tend to be grown on 
certain types of soil. In Fig. 23 are shown mechanical 
analyses of the soils on which in the south-east of 
England wheat and potatoes are found to do well. 

Clap soUs 
There are two kinds of clay soils: 

1. Those that arise through the presence of 20 
per cent, or more of clay*. 

2. Those that owe their properties to the presence 
of considerable amounts of fine silt. 

They are indistinguishable to the eye and have 
many properties in common, but they have this im- 
portant difference: the " clay" can be flocculated by 
lime or by exposure to frost while the " fine silt " 
cannot. Hence the first group can be improved agri- 
culturally by limin g but not the second : indeed so far 
the " silty " clays have proved unmanageable. 

The first group are the typical clays and are widely 
distributed in this country. The fine particles have 
certain properties which they impress on the whole 
soil ; they are sticky when wet but set very hard when 

* I.e., particles lesa than -002 mm. m ditunetar, see p. 18. 
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dry : they swell up on moistening and give out a little 
heat : they absorb heat and shrink on drying, and thus 
cause the large gaping cracks seen in dry weather 
on clay land. The fine particles also impede the 
movement of water so that the soil is very wet in 
wet weather but may suffer from drought in very 
dry weather. 

If the soil is not limed and the drains and ditches 
are not well looked after the clay tends to go into 
the defloccuiated form (p. 21) and then all the proper- 
ties just described are intensified. The soil becomes 
difficult to cultivate owing to its persistent wetne^ : 
autumn sowing is difficult and sometimes impossible 
so that spring crops have to be substituted : the yoiuig 
plants only get through with difficulty and suffer 
badly in spring: a wet summer is bad and a wet 
harvest worse. Crops that ought to last a number 
of years, such as lucerne, only last two or three. If 
the land is laid down to grass the finer deep rooting 
grasses never get hold, the plants that survive being 
the surface rooting Bent grass (Alopecurus pratensis) 
which withers during dry weather and causes the 
burnt colour so common on poor clay pastures, the 
rushes, the coarse file-like Aira caespitosa and other 
plants specially adapted to wet places (Fig. 24). 

The method of dealing with these soils is simple 
in principle but often difficult in practice : it consists 
in two parts : ( I ) arranging a way out for the 
water by means of a carefid drainage scheme and 
clean ditehes; (2) flocculating the clay and taking 
car© that it does not get defloccuiated. When this 
can be done clay soils become very suited for wheat, 
beans, and, in the southern half of England, mangolds. 
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but more especially they grow good grass so that 
both meadows and pastures are common. Considerable 
trouble arises from the fact that plant roots do not 
develope quickly and that crops do not readily ripen. 
Now we shall see later that phosphates have the 
special effects of inducii^ good root development 



Fig. 24. Poor clay country. Roads wide but not all made up, 
hedges and gates not well kept, 

and of hastening maturity, and we should therefore 
expect that phosphates would prove very beneficial 
on clay soils. Experiments all over the country 
show that this expectation is well founded : phosphates 
have a very considerable effect in improving the pro- 
ductiveness of clay soils. 

The crop most generally suited for clay soil is 
grass, and therefore the agriculture usually centres 
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round liv© Btoct, dairying, etc. The manurial treat- 
ment is simple, lime and phosphates being the two 
chief requirements, and these can be conveniently 
supplied in dressings of basic slag. Where land is 
laid in for hay, nitrate of soda or sulphate of ammonia 
should be supplied in addition. The arable land 
must receive dung and periodical dressings of chalk 
or lime in addition to the phosphates. The treading 
of the horses t«nds to make a plough-sole which has 
periodically to be broken by means of a subsoiler, or, 
where steam cultivation is adopted, by putting a few 
extra long tines on the cultivator. But above all 
drains and ditches must be kept clean. Autumn work 
must always be got well forward so as to allow as 
much winter sowing as possible, winter com and beans 
being more successful than spring com. Late sowings 
only come to anything if the seed goes in well. Swedes 
and potatoes are not easy to grow and fallowing is 
necessary in order to keep the land clean and in good 
tnth; a bastard fallow may suffice, especially if it can 
be started early enough, but an occasional dead fallow 
lastii^ over the whole season is desirable and gives 
very good results, especially if the summer is hot and 
dry and the winter not too wet. 

The second class of clays, the silty clays, are very 
truculent to deal with tind no reliable method has 
yet been evolved. They can be found in the Lower 
Wealden beds in the district east of Horsham, on 
the Boulder Clay, the Coal Measures, etc. : they 
occur at Garforth in the West Hiding and in numerous 
other places ; everywhere they have a bad reputation 
which they thoroughly deserve. Lime and subsoiling 
have less effect than might be expected, and probably 
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the best treatment is to mole drain them and lay 
them down to grass: it is not worth while spending 
much on them as they do not respond well to treatment. 

Sands 

The chief agricultural properties of sandy soils 
arise from the fact that they are porous and readily 
allow the passage of water. Thus the water never 
accumulates and the soils only get waterlogged when 
they are underlain by a basin of clay: usually they 
suffer from drought in dry weather. In its passage 
the water carries with it much of the soluble matter : 
sometimes indeed ho much that even weeds will 
not grow but only patches of moss which decay to 
a black acid substance entirely unauited to most 
plants: such patches can be seen frequently on the 
Bagshot sands in Siurey. 

Where there is a fair admixture of silt the move- 
ment of the water is retarded, and on moving ^ide 
the top two or three inches of soil the lower part is 
found to be quite moist even in dry weather. In 
these cases plants will grow well and a special type 
of treatment has been evolved to suit them. 

In the first place the movement of the water heis 
to be atill further retarded, and regular additions 
of organic matter are therefore necessary. Secondly, 
hme has to be added regularly except in certain special 
cases where the soil lies at the foot of a long gradual 
slope and receives an underground drift of hard water - 
from above. Lastly, fertihsers have to be added in 
email but frequent doses when the crop needs them. 
When these precautions are taken sandy soils will 
grow almost any crops, but they especially favour 
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the development of roots and tubers so that they 
are well adapted to potatoes, carrots, parsnips and 
nursery stock ; further, they give good quahty barley 
and useful but not large wheat crops. They are not 
suited for grass unless the water table happens to be 
only 3 or 4 feet from the surface in which case they 
may carry magnificent pasture : some of the very 
best Romney Marsh pastures are on sand. Otherwise 
the grass bums up badly in the summer time owing 
to lack of water. 

Sandy soils tend very much to form pans, and care ■ 
has to be taken to prevent this by occasionally using 
the subsoiler. 

The management of sandy soils turns on the 
method by which the organic matter is to be added, 

(1) If stable manure is available in large quantities 
a succession of heavy crops can be obtained, and 
recourse is then often had to market gardening : this 
is done on the sands near London, at Sandy in Bedford- 
shire, in parts of Essex and elsewhere. Where the 
market facilities are not quite so good potatoes can 
be grown on a dressing of 12-16 tons of stable manure, 
and a mixture of artificials rich in potash ; a grain 
crop, two "seeds" crops, and another grain crop can 
then be grown on the residues and without further 
manure. The aftermath of the first seeds crop can 
be fed off with hay, cake, etc., while the aftermath 
of the second is ploughed in. The adoption of this 
method in Hertfordshire has enabled farmers to prosper 
on land which previously ruined its occupiers. 

(2) The organic manure may be supplied through 
the agency of live stock. Sheep may be kept through- 
out the winter and folded on to green crops such as 
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rape, kale, winter barley, swedes, vetches, etc. ; in 
addition they receive purchased feeding BtuSs. The 
droppings from the animals f ertihse the soil and return 
to it a considerable part of the substance of the crops 
and feeding stuffs supplied. Moreover the trampling 
of the animals has the further advantage of consoU- 
dating the land. The sheep have to be fattened 
and sold before summer or else removed to cooler 
pastures on higher ground, on chalk, etc. The same 
principles hold, with suitable modification, where 
buUocks are kept : home grown fodder is supplemented 
by purchased feeding stuffs and the bullocks are 
fattened and sold and the manure is carted out on to 
the land. 

In both cases the organic matter added to the 
soil comes largely from the air, being built up by 
the crop under the influence of sujishine : in passing 
through the animal aome is used up but much is 
excreted. 

(3) A third method of adding organic matter to 
the soil consists in ploughing in a leafy crop: this is 
known as green manuring and may be adopted wherever 
live stock are not available. It is a very old method, 
but has come into considerable prominence since 
Schultz in 1855 enormously improved his estate of 
barren sand at Lupitz at very small cost by growing 
lupins fertilised with potash, phosphates and lime and 
then ploughing them in. The lupins, being l^uminous 
plants, fixed nitrogen from the air and thus increased 
the stock of nitrogenous organic matter in the soil: 
indeed they acted like a dressing of farmyard manure. 
Various modifications have come into use : in this 
country mustard is sometimes used for the purpose 
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and is found on the sandy soil at Wobum to give 
better results than vetches, although it is a non- 
leguminous crop : on the heavier soU at Bothamsted, 
however, it gives poorer results: 

Yield oj wheat, bushels per acre 

At Woburu* At Eothamated' 

After Tefchea . . 
„ crimson clover 
„ muatard . ■ 

No green crop . . 

Green manuring has not been extensively adopted 
in this country because farmers prefer to feed their 
crops to stock and so get fat animals as well as manure. 
But it seems probable that more use might with 
advantage be made of the system and that the organic 
manure added to the soil should not be limited by 
the number of animals the farmer may find it con- 
venient to keep. 

Whatever the system of agriculture, it is deBirable 
to crop as frequently as possible because sandy soils 
lose a great deal of their fertilising constituents if 
left bare and exposed to the rain. The cidtivations 
must also be thorough to keep down weeds : no soils 
are so prone to be smothered with weeds as are sands. 

The manuring has to be decided by the crop: 
reference has already been made to the paramount 
importance of oi^anic matter and of hme : potash 
is wanted for many crops, especially potatoes, while 
phosphates are usually needed to prevent raakness 
in the grain crops taken after green crops have been 
' J. A. Voelcker's experimentfl, Four years: 1906, 1908, 1910, 1912, 
' Three yeara; 1907, 1910, 1912. 
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fed off and also to secure the maximum feeding value 
of the green crops themselves. 

Soluble manures must only be added in small 
quantities at a time because of the ease with which 
they are washed out. Sandy soils have less capacity 
than clays for absorbing soluble substances: this 
can be demonstrated by the following experiment. 
Dissolve 0'3 grams of superphosphate, dilute to 500 c.c. 
and divide into two lots of 250 c.c. To one add 50 grams 
of a light sandy soil, and to the other 50 grams of a 
heavy clay soil, shake both solutions well for 3 minutes, 
aJlow to settle for 3 minutes, shake, and settle again. 
After 15 minutes filter. To 50 c.c. of each filtrate 
add 10 c.c. of ammonium molybdate solution (p. 200). 
Much more precipitate is obtained from the sand than 
from the clay. 

A similar experiment with a weak solution of am- 
monium sulphate (2'6 grams per litre) in place of 
superphosphate shows that clay also absorbs ammonia 
more completely than sand. In this case 26 c.c. of 
the filtrates are distilled with caustic soda and the 
ammonia in the distillates determined by titration. 

A third experiment with burnt sugar solution 
proves that soluble organic matter, like ammonia 
and phosphates, is absorbed to a greater extent by 
clay than by sand. 

Sandy soils and light soils generally are very 
attractive because they are more under control than 
most others. No matter how wet the season they 
can be worked. An inteUigent man may get two 
crops in the year from part of the land: after early 
potatoes, for example, he may take cabbage, sprouts, 
or sprouting broccoli. Strawberries can be successfully 
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grown and many other valuable cropa. No rigid 
rotation can be adopted : there must always be a 
certain amount of cross-cropping. Few soils, however, 
are so entirely dependent on the skill and intelligence 
of the farmer. Some of the best farms in England 
are to be found on the sands : they are managed 
on sound lines, well manured, kdpt free from weeds, 
and made to yield heavy crops : labour-saving devices 
are introduced and the skilled hands are well paid. 
On the other hand bad management speedily ruins 
the land and the farmer: docks, bindweed, sorrel, 
com marigold, spurrey, and a host of other weeds 
soon come in and before long the land ia useless. 

Loams 

Loams come in between sands and clays and can 
only be defined as soils which are not as heavy as 
clays and not as light as sands. Usually they contain 
not more than 10 to 16 per cent, of clay and not more 
than 20 per cent, of coarse sand; they are chiefly 
made up of intermediate material. All shades of 
loams exist, from the light loams which some would 
call sands, to the heavy loams which can also be called 
clays. 

Loams are by far the most fertile soils in the 
country ; instances are to be found in the brick earths 
of East Kent and near Chichester, the alluvials of some 
of the famous vales and of the Evesham district, the 
famous Carse of Gowrie (locally called a clay) and 
many others. Practically any crops will grow — climate 
permitting, of course — and the cultivator may adopt 
any scheme of management he finds most profitable. 

Usually speaking bullocks or dairy cows play the 
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central part on the heavy loams and sheep on the Hght 
loams, the animals in both caees being required to 
act as manure-making machines, and also to convert 
the less portable products such as straw, roots, etc., 
into portable and saleable meat. As an illustration 
of heavy land arable farming : in parts of Oxfordshire 
the land is farmed roughly on a four course shift 
of clover, wheat, mangolds (with some swedes), oats 
(and some barley}— swedes and barley being less 
suited than mangolds, and oats for heavy land are not 
so widely grown. In the second period beans are 
taken in place of clover (which will not succeed if 
attempted too often) and are well dunged as they 
are a profitable crop. There is a good deal of grass. 
Dairy cattle are kept by somej others buy in yearling 
stores at a low price and keep them till they are 
worth considerably more, then sell them out to be 
fattened elsewhere. On the light land the traditional 
rotation is clover, wheat, swedes and barley: the 
swedes and the afterraath of clover are fed off by sheep 
which also receive cake, etc., the wheat and barley 
can be sold, but there are many variants and many 
farmers indeed have no fixed "rotation but grow those 
crops that promise to be profitable at the time. Among 
the crops introduced in the rotation in the eastern 
counties are peas, sainfoin and lucerne: elsewhere the 
number of crops varies and there is taken one green 
or root crop to two grain crops. It is not our buskiess 
to discuss the rotations in detail but only to consider 
their effects on the soil. The root crop may be either 
swedes, kohl-rabi, cole, mangolds, turnips or potatoes 
as convenience requires : in any case its effect on the 
soil is to afford an opportunity for exterminating 
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weeds, and the frequency with which it is taken is 
determined in part by this consideration. 

Now light soils are very prone to weeds, in particular 
to charlock (Brosstca sirwipw). Heavy soils suffer less, 
but still are hable to docks, thistles, etc. Charlock 
can be kept down by spraying^, the others cannot. 
Sometimes the land will keep clean for four and some- 
times for five years: in that case two corn crops 
can be taken in succession and a winter oat crop 
inserted between the wheat and the roots : or the 
clover may be replaced by a mixture of clovers and 
grasses which can be left for a period of years. Again, 
the root crop may be eaten in the field by sheep 
wherever the soil is not too wet, and the soil then 
receives not only the fertilising constituents derived 
from the crop but also those derived from the added 
feeding stuffs. This furnishes an extremely useful 
method of fertilising the soil for the next crop : it 
reduces the losses of manure to a minimum (see p. 153), 
it saves cartage of manure, and it enables rapidly 
grown cateh crops to furnish their quota to the organic 
matter of the soil. But the method is not feasible 
in heavy soils because sheep " poach " the land too 
badly and ruin the tilth; here therefore the roots 
have to be drawn off, farmyard manure has to be 
made and carried out on to the land. 

A third effect of the root crop is that it affords 
the best means we have now for fallowii^ the land. 
In old days bare fallows were adopted: now they 
are uneconomical. But it appears that bare fallows 
do have a remarkable effect on the crop especially 

'A3 per cent, solution of copper sulphate aprayed in early spring 
at the rate of 50 gallons per acre. 
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in enabling a more vigorous atart to be made. Now 
the root crop is usually taken after a com crop, so 
that the land is well cultivated but uncropped from 
harvest — say October — to the time of sowing ; cultiva- 
tion continues, and the land is almost uncropped 
till June, when the root crop begins to grow ; indeed 
cultivation sometimes gOM on longer. The grain 
crops, on the other hand, follow continuously : the 
barley is seeded with clover so that the land ia not 
even ploughed between these two crops: the clover 
is ploughed in just before the wheat is sown, and if 
winter oats follow, this crop in turn ia sown just 
after the wheat is harvested. Only when the root 
crop comes round is there much opportunity for 
cultivating the soil well and giving it the benefits 
of the fallow effect. There are of course exceptions: 
in forward districts the harvest may come so early 
that steam tEickle can at once be put on to the land 
and a bastard fallow given before the nest com crop : 
it is then not neeessai^ to give a rest between the com 
and the roots but a series of catch crops can be taken. 

The root crop also gives a good opportunity for 
deep ploughing or subsoiling. 

So important is the root crop that special care is 
taken to secure a good seed bed and to supply appro- 
priate manures. Experiments on the best way of 
preparing the bed are badly needed: there is great 
diversity of opinion among good practical men on 
the subject. Numerous manurial experiments have 
been made, however, and have demonstrated the 
need of adding lime wherever finger and toe {Plasmo- 
diophora brassica) is common, of supplying phosphates, 
and on light soils potash as well. 
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The effect of the clover or seeds mixture on the 
soil is that it adds nitrogenous organic matter to the 
soil. Experiments have shown that crop residues of 
this sort not only increase the fertihty of the soil by 
the additional nitrogen thus introduced, but they are 
particularly valuable in reducing the harmful efEects 
of bad weather on the soil, and steadying the fluctua- 
tions of soil productiveness produced by bad weather. 
This is well illustrated by a comparison of the wheat 
crop taken after clover (supplemented by artificial 
fertihsers) on the AgdeU Field at Bothamsted, with 
that on the Broadbalk Field where no green crop is 
ever ploughed in but where a liberal dressii^ of 
artificials is given. On an average the AgdeU plot 
gives a yield of 34| bushels against 29^ on Broadbalk, 
and it is a much steadier crop. It has only twice 
fallen below 25 bushels, once in 1867 and again in 
that notorious year of disaster 1879, when it got as 
far down as 13J bushels. But the Broadbalk plot 
which has never been green manured fluctuates to 
a much greater extent ; the yield has frequently 
dropped below 25 bushels (Table IV). 



Table IV. Steadying ejfect of crop residues on yield 
of wheat 





After clover 


After previous 






wheat crop; 




arti^iaJa 


orti&iialB 


Average of all . . 


35 


30 bushels 


Highest yield, 1863 


46 


56 


LowyieUa, 1871 .. 


25 


m 


1876 . . 


31 


11 


1879.. 


13 


6 


1903.. 


28 


24 
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It is a common practice in the North of England 
and Scotland to leave the seeds mixture for 3, 4 or 
more years. 

The clover crop is so necessary that great pains 
must be taken to seem^ it. If there is any difficulty 
(and there often is) a dressing of lime must be given: 
if this fails a dressing of sulphate of potaah (2 cwt. 
per a^re) should be tried and if this still fails a fresh 
variety of clover ought to be grown. 

The lighter loams tend to be used for special crops 
like fruit, market garden and nursery produce, malting 
barley, etc., and their management then requires 
very great skill and intelUgence. Some have always 
been used for these purposes, such as the Thanet 
Beds of East Kent, but many of them, like the sands, 
were formerly held in but little repute, and have 
only during the past 30 or 40 years come into favour. 
The New Red Sandstone of Somerset affords instances 
of light loams not very suited for ordinary agricultural 
purposes, but well adapted to fruit, market gardening, 
ete., while the light loams round Porlock are famous 
as the source from which many prize samples of barley 
have come to the Brewers' Exhibition. 

Chalk soils 
Chalk soils are usually very Ught loams but they 
require special attention because of their great economic 
importance. Like all light soils they are liable to 
drought but they possess the unfortimate property 
of drying to hard steely fragments unless they are 
worked to a good tilth at the proper time : they there- 
fore require special care in cultivation. Organic matter 
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is very necessary for them, and sheep therefore play 
a large part in chfdk districts. Further, during 
froaty weather they become so puffed up and lightened 
that the young crops are sometimes almost forced out 
of the ground : rolling is therefore necessary in the 
aprii^ not only on the grass but also on the arable land. 

Leguminous crops are especially valuable on the 
chalk by reeison of the organic matter they introduce, 
and among the most useful is sainfoin; lucerne also 
grows well and is grown especially in the drier regions. 

Chalk soils are highly favourable to plant and 
amm£d life, but this has its disadvantages : they carry 
a very varied flora and care is needed to keep down 
weeds, especially charlock. Swedes and the brassica 
tribe generally are liable to attack by the turnip 
fly {PhyUoireta nemorum) and all crops to dam^e by 
wireworm. 

The central feature of the manuring is the folding 
of sheep : superphosphate is needed for the roots, 
and potash manures for the clover or seeds ley. On 
the grass land basic slag often efiects remarkable 
improvements especially in the wet districts or where 
the top inch or so of soil has lost its calcium carbonate. 

Summary 
In order to get the best out of the land an inspection 
must be made to see what is likely to be its chief 
defects, in other words, what will constitute the 
limiting factors. There may be insufficient water or 
excess of water, insufficient depth of soil, insufficient 
of any of the proper constituents: (a) of clay, when the 
soU will not hold tc^ether but will blow about ; (&) of 
calcium carbonate, when the tilth will be poor and 

ft— 2 
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the aoil sour as shown by the presence of sorrel, the 
failure of clover, and by poor growth generally ; (c) of 
organic matter, when the tilth will be unsatisfactory ; 
(d) of various nutrient substances. 

The defect may arise from the fault of the soil 
itself or of its situation. 

Any defect of this kind will set a limi t, beyond 
which the crop cannot be increased. To remove the 
defect may foe the landlord's business rather than 
the tenant's, but it is useless to try and force the crop 
beyond the limit thus set. Once the defect is removed, 
however, better crops can be obtained. 

The central features of mana^ment in cropping 
land up to its full capacity are : 

Crops and varieties are selected that are specially 
suited to the conditions. 

Sufficient lime or chalk is added. The land is 
periodically subsoiled or ploughed deep. Every effort 
is made to keep up the supply of nitrogenous organic 
matter in the soil : leguminous crops are grown : 
" seeds " are left for two or three years and some- 
times crops are grown simply to be ploughed in. The 
supply of plant nutrients is kept up by the addition 
of appropriate artificial manures and by supplying 
imported foods to sheep on the land and to cattle in 
the yards, when much of the fertilising constituents 
are excreted and thus get on to the land. 

Wherever the soil is not too wet or sticky the 
rotation is so arranged as always to provide a crop 
that sheep can eat. Fart of the land is kept in perma- 
nent pasture and thus becomes richer in nitrogenous 
organic matter. The necessary mineral food is added 
in the form of phosphates and potash salts. 
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PART III 

FERTILISERS 
CHAPTER VII 

THE NITROGENOTJS FEETILISERS 

In attempting to satisfy the various fertility 
requirements discussed in the previous chapter it 
becomes necessary to increase the amount of plant 
nutrients in the Boil and to this end various substances 
are added which are known as fertilisers and manures. 
The distinction between the two terms is not very 
sharp, but generally a fertiliser is a concentrated 
substance imported on to the farm from a foreign 
country or a factory, and therefore is frequently called 
an artificial fertiliser, while a manure is a more bulky 
material either produced on the farm or closely related 
to farm products. 

The substances thus added to the soil are compounds 
of nitrogen, phosphorus and potassium : also organic 
matter and Ume or chalk. In order to study their 
effect on the soil a series of pot experiments should 
be started : 10 inch flower pots are suffieiently good 
for ordinary purposes but tor finer work Doulton's 
glazed potB must be used (Fig. 1). The soil has to 
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be carefully mixed to ensure uniformity and if it is 
heavy 10 to 20 per cent, of sand must be added. The 
series should contain pots treated as foUows: (1) un- 
manured ; (2) and (3) 001 and 005 per cent, respectively 
of nitrate of soda; (4) 01 per cent, superphosphate; 
(5) 0-1 per cent, sulphate of potash ; and three or four 
containing combinations of these quantities ; other pots 
should be supplied with sulphate of ammonia in place 
of nitrate of soda, and bone meal and basic slag in 
place of superphosphate. If a glass bouse is available 
tomatoes are a good crop for experiment ; or at colder 
seasons mustard. For outdoor work rye, wheat or 
mustard do well. 

Two types of nitrogenous fertilisers are in common 
use: nitrates which are ready and ammonimn salts 
which are almost ready for immediate use by the 
plant and are therefore quick acting, and certain 
organic compounds which have to undei^o decom- 
position in the soil. The first only are dealt with in 
this chapter. 

Nitratea 

Three nitrates are now available as fertilisers : 
the nitrates of soda, of potash and of lime, and experi- 
ments are being made with a fourth, nitrate of ammonia, 
but of these the commonest is nitrate of soda (NaUOj). 
This substance occurs in the rainless regions of Tarapaca 
and Antofagasta in the north of Chile, where it forms 
deposits near the surface of the soil. The deposits occur 
in detached areas stretching over a wide range and 
in spite of the large aiuiual consumption — now nearly 
2,500,000 tons — there still seems a vast supply for the 
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future. It is not known how the deposits originated: 
there is little doubt that they were once under water, 
but there is nothing to show how so much nitrate 
came to accumulate in one district : only traces occur 
in ordinary sea-water. The crude nitrate is excavated 
hy a process of trenching, it is then crushed, purified 
by recrystallisatdon and put up in bags for the market. 

The commercial product is not quite pure, but 
it is guaranteed to contain 95 per cent, of nitrate of 
soda and often contains even more. 

Nitrate of soda is very quick acting as a fertiliser 
and can be taken up immediately by the plant. It 
finds application in two cases: (l)in case of emergency, 
when the plant is sufEering through the attack of a 
pest, or in cold wet weather ; (2) in ordinary practice 
as a top dressing for the crop. It causes increases 
of practically all crops in England and the dressing 
applied varies from 1 owt. per acre, suitable for wheat 
in spring or grass laid in for hay, to 10 cwt. per 
acre used on the valuable early cabbage and broccoli 
crops in Cornwall, In other countries, however, such 
returns are not always obtained ; in parts of Australia 
and New Zealand phosphates are the limiting factor : 
in Western CanEida water appears to be; in none 
of these oases do nitrates give the same high returns 
as in this country. 

Besides causing increased growth nitrate of soda 
produces certain qualitative effects on the crop. It 
imparts darker green colour and greater size to the 
leaf: in the case of straw crops it may so enlai^e 
the leaf and the head that the straw is unable to 
carry the weight in wet weather, and the crop becomes 
laid. Applied in excess it tends to thin the cell walls. 
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making them more readily penetrated by fungoid pests, 
and it also appears to alter the composition of the sap 
in some way so that the fungi develope more readily 
than usual. 

In addition to these effects on the plant another 
effect is produced on the aoil. The whole of the nitrate 
of soda is not retained by the plant but a decomposition 
takes place, the nitrate part being retained while 
some of the soda part remains in the soil as sodium 
bicarbonate. This reacts on some of the potassium 
compoimds in the soil, liberating a certain amount 
of potash which then becomes available for the plant ; 
this has been demonstrated by actual field experiments 
at Bothamsted, and is also illustrated by the experiment 
on p. 125. But the bicarbonate also acts on the 
clay, converting it into the sticky deflocculated state, 
and on a heavy soil this action becomes rather serious, 
causing much damage to the tilth. A suitable remedy 
is found in dressings of lime or addition of sulphate 
of ammonia to the nitrate. The student who is 
interested in the history of the subject will find that, 
in the old papers, nitrate of soda is sometimes called 
a " scoujge," and some of the older farmers still retain 
a dislike to it. This idea probably arose partly from 
its harmful effect on the texture of a heavy soil and 
ptirtly from its effect on hay land. It encourages 
a very good growth of top grasses and may be used 
with great advantage whenever hay is sold. But the 
heavy crop naturally draws on the soil phosphates, 
and unless these are replenished at the same time 
the soil becomes impoverished and the crop ultimately 
falls off in quantity, while weeds and poor grasses 
appear and bring down the quaUty. Grass land should 
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never aa a regular course be fertilised with nitrate 
only, but should periodically receive the other necessary 
fertiUsers. 

Nitrate of soda readily washes out of the soil and 
must therefore not be applied imtil it is needed. It 
is best put on as a top dressing when the plant is up : 
when this course is adopted the loss in a wet season 
is reduced to a minimum : there is the further advantage 
that the nitrate of soda does not come in contact 
with the superphosphate (which is drilled with or 
before the seed) : these two fertilisers do not mix well 
although if put on at once the mixture can be used 
where labour is scarce. Heavy dressings such as are 
used in market gardens should be apphed in two or 
three lots and not all at once. 

The ordinary nitrate of soda of commerce contains 
15'5 per cent, nitrogen and its usual price is about 
£11 per ton f.o.r.i; each per cent, or "imit*" of 
nitrogen therefore costs 14s. 9d., and each pound of 
nitrogen costs 8d. 

Nitrate of potash (KNO^). 

This substance is dearer than a mixture of nitrate 
of soda and sulphate of potash supplying the same 
ingredients, and therefore it is not used in this country. 
But being much leas bulky than the mixture it finds 
considerable application in countries where valuable 
crops are raised and freights are high : thus it is used 
in the Canary Islands and elsewhere under similar 
conditions. 

' F.o.r. =freoon rail. Prices delivered to the buyer'i Btation may- 
average aboat 10<. per ton extra. 



mzecDy Google 



122 Fertilisers [pt. ni 

Commercial nitrate of potash contains nearly 14 
per cent, of nitrogen. 

Nitrate of lime 

Of recent years a coneiderable quantity of nitrate 
of lime has been manufactured and put on the market 
for use as a fertiliser. The industry is carried on at 
Notodden in Norway and at Niagara where abimdance 
of cheap water power occurs, and the process consists 
in burning air in an extremely hot flame— probably 
30O0°-3500° C- — ^by means of a powerful electric arc 
in a small chamber: the products are then made 
to react with hme. 

In ordinary circumstances nitrogen is not com- 
bustible and the mixture of nitrogen and oxygen in 
the air is not inflamiQable, but at this very high 
temperature the nitrogen bums and unites with the 
oxygen to form oxides, chiefly nitric oxide. The 
gases are cooled, and mixed with air, when a higher 
oxide, nitrogen peroxide, is formed; they are then 
drawn with fans through towers packed with broken 
quartz down which water trickles, and become con- 
verted into a dilute mixture of nitrous and nitric 
acids and finally into nitric acid. This is then 
neutralised with Hmestone and the solution on evapora- 
tion yields calcium nitrate*.. 

The first samples to be placed on the market 
were not easy to use as they bo readily absorbed 
moisture and became converted into a sticky pasty 
mass, but this difficulty is gradually being overcome, 
and recent samples show considerable improvement. 

* For details of the process of mauufiuitDre see paper by Eyde, 
Journal of the Royal Society of ArU, 1909. vol. lvh. p. 568. 
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As a fertiliser calcium nitrate closely resembles 
sodium nitrate, but it appears to be free from the 
disadvantage of mfJdng heavy soils sticky. Further 
experience is needed before any very definite state- 
ments can be made, but so far as present knowledge 
goes nitrate of lime is a very promising addition to 
the list of nitrogenous manures. 

Svlphate of ammonia 

This substance is manufactured from coal. The 
potential supply is enormous: a ton of coal contains 
on an average some 25 lbs. of nitrogen, which yields 
just over 1 cwt. of sulphate of ammonia. Unfortunately 
most of our coal is burnt under such conditions that 
the nitrogen is' lost, but in certain industries, especi- 
ally in the manufacture of coal gas, of producer gfia, 
in coking ovens, ete., special recovery methods are 
used and sulphate of ammonia is obtained as a by- 
product*. The world's output in 1912 was well over . 
one milhon tons, this being nearly three times the 
quantity produced in 1900. The process is not costly 
and it seems capable of considerable extension. Peat 
also contains nitrogen and is being tested as a source 
of ammonia: methods have been devised by Mond, 
Frank, Caro and others. 

In ite general action sulphate of ammonia differs 
but little from nitrate of soda, and the choice between 
them is mainly one of price and convenience. It pos- 
sessea, however, certain characteristic features which 
sometimes assume considerable importance. 

When apphed to the soil it reacts with the calcium 

1 Pot details of the recovery methods see art. "Ammonia" in 
Thorpe's Dietiortary of Applied Chemialry. 
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oarbonate, giving rise to calcium sulphate and ammonium 
carbonate. The calcium sulphate washes out in the 
drainage-water, but the ammonium carbonate does 
not, being absorbed by some of the reactive constituents 
of the soil (p. 21). The ammomum carbonate becomes 
nitrified by bacterial action, and presmnably is changed 
to caleiimi nitrate through interaction with more 
calcium carbonate. Thus the complete change requires 
that one molecule of ammonium sulphate should react 
with two moleciileB of calcium carbonate thus: 

(NHJaSO. -K 2CaC08 + 80a 

= CaSOi + Ca(N03)a + 4HaO + 200,,. 

On this basis a dressii^ of 132'lbs. of ammonium 
sulphate (t.e,, one molecular we^ht) involves the 
removal from the soil of 200 lbs. of calcium carbonate. 
Now actual analyses at Rothamsted show that only 
one half of this quantity, i.e., only 100 lbs., is removed, 
and fiirther experiment has shown that the calcium 
nitrate is not wholly retained by the plant but the 
calcium is left in the soil and re-converted into car- 
bonate^. 

There still remains, however, a loss of 100 lbs. 
of calcium carbonate for each 132 lbs. of ammonium 
sulphate apphed, and on soils deficient in lime this 
becomes very serious for two reasons: the lime is* 
greatly needed for other purposes ; and in ite absence 
ammomum sulphate leaves an acid residue in the soil, 
the ammonium portion being more completely taken 
by plants than the rest. Now most agricultm-al 
plants will not tolerate this acidity, and in extreme 
cases completely refuse to grow. This remarkable 
' Hall wid MiUer, Proc Boy. Soc, 1906, 77 b, 1-32. 
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aotiou was first observed by Dr Wheeler at the Rhode 
Island Experiment Station in 1890^ and was investi- 
gated in an important series of experiments which 
showed that the trouble could be completely remedied 
by dressings of lime. A few years later the same 
phenomenon appeared at the Wobum Experimental 
Farm and has been fully described by Dr Voelcker^; 
there also lime was found to be the proper remedy. 

Thus sulphate of ammonia tends to make the 
soil acid, and therefore physiologically unauited for 
plants, while, aa already pointed out, nitrate of soda 
tends to make it alkaline and therefore physically 
unsuited to them. A mixture of the two fertilisers 
produces no such effects, as each neutralises the other. 

Sulphate of ammonia, unlike nitrate of soda, is 
completely absorbed by the soil and shows no tendency 
to wash out. This can be demonstrated by packing 
50 grams of soil (preferably a loam) on to a funnel, 
moLstening with water and then pouring on 100 c.e. of 
1 per cent, ammonium sulphate solution. Test the 
filtrate for calcium, for sulphate, and for ammonia. 
The two former occur in quantity, but the ammonia 
is reduced in amount. Now repeat the experiment 
with a fresh lot of soil and a 1 per cent, sodium nitrate 
solution. The nitrate shows no diminution in amount^ 
but some action nevertheless goes on and calcium 
occurs in the solution. In consequence ammonium 
sulphate is much in favour in tropical countries and 
is used in the West Indies for the sugar cane. Of 

■ Rhode Island Exp. Station, 3rd Annuai Seport, 1891, p. 63; 
4tA Report, tt teq. 

' Joum. Soy, Agrie. Sac., IS97, p. 2S7i and Babseqaent yeais. 
' A Boitable teat is given on p. 1S6. 
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course as soon as' it Ileis become nitrified it ifi liable to 
sink to greater depths, but in an acid soil, or wherever 
nitrification is not very active, it remains in the surface 
layers. Here it encouragea a surface rooted vegeta- 
tion, and for this reason it is used on lawns where 
only the fine shallow rooting grasses are desired. 

This tendency to remain in the surface layers 
has sometimes given sulphate of ammonia an advantage 
over nitrate of soda on sandy soils not deficient in lime^. 

Commercial sulphate of ammonia contains about 
20 per cent, of nitrogen ; it is the most concentrated 
of all these manures. Its normal price is about £I3 
per ton f.o.r, : 1 per cent, per ton (or 1 unit) therefore 
costs 135. and a pound of nitrpgen in this form costs Id, 

. Calcium, cyaTiamide or NitroUm^ 
This fertiliser, like calcium nitrate, is made from 
air and limestone. There are two stages in the manu- 
facture: first a mixture of calcium carbonate and 
carbon is heated in an electric furnace to a high tempera- 
ture, when calcium carbide (CaCa) is formed ; this is 
then heated in a stream of nitrogen and gives calcium 
cyanamide (CaCNa). It was first made at Piano 
d'Orte in Italy, but now it is produced at Odda in 
Norway, Alby in Sweden, at Niagara and elsewhere 
where great suppUes of water power are available. 
- Calcium cyanamide is not soluble in water and is 
not a direct plant nutrient. But some of the soil 
bacteria have the remarkable power of decomposing 
it with formation of calcium carbonate and ammonia, 

' An instanoe is quoted in Bted. Cenir., 1908, xxzvn. 5S6. 

' " KalkBtickstofi," in the German papers. There is another 
substance, not dissimilar, known as "StiotstoflOcalk," wliiab, howarer, 
has only a small local sale. 
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which is then utilised in the usual way. In consequence 
of the need for this preliminary change calcium cyana- 
mide is somewhat slower in action at Rothamsted 
than sulphate of ammonia. Being insoluble it is not 
at all likely to be washed out from the soil, while the 
calcium cetcbonate formed on decomposition is distinctly 
valuable. It is best applied at or before the time 
of sowing so that decomposition may proceed before 
the plant has grown; when used as a top dressing 
some samples have produced harmful effects, but it 
does not appear that these invariably set in. 

Comparison of these nitrogenous fertilisers 
Table V gives the results obtained at Rothamsted 
in comparative experiments with these various ferti- 
lisers: 

Table V. Effect of various nitrogenous manures on 
different crops. Rothamsted: yield per acre 1909-1912 





Bu-kf, 1909 


Whea 


, 1910 


Mwigolds. 
1011 1912 


No nitrogen 
Hitrato of sodft 

Ni^te of lime 


Little Hooa 
Grain Straw 


Little HooB 
Grain Straw 


Little 
Hoofl 


L. Knott 
Wood 


bush. 
28-7 

49-1 
4B-2 
46-2 


lbs. 
2619 
3862 
3617 
3976 
4440 


16-4' 
270 
24-6 
22-4 
20-6 


lbs. 
1626 
3700 
2964 
2343 
361S 


tons 
9-8 
16-4 

lis 

111 
12-7 


tons 
11-S 
18-4 

184 



In 15 experiments at Aberdeen^ the nitrolim 
proved equal to nitrate of soda or sulphate of ammonia, 

' Aberdeen and North ot Scotland CoUege, BtOktin No. 13, 1009. 
Tran4. Higklavd and Agric. Society, 1909, 122-134. 
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while nitrate of lime was rather better, but owing 
to its hygroscopic nature it was less easy to handle. 
In all these experiments each substance is tested on 
one plot only and in all such cases results can only 
be relied upon to within 10 per cent, in any one season, 
or some 5 per cent, over several seasons. For finer 
work it is necessary to repeat the plote 4 or 5 times 
in the same field each year, and to ascertain from the 
results exactly what is the error of experiment. The 
method of doing this is described by Wood and Stratton 
in the Journ. Agric. Science, vol. m, p. 107, a paper 
which the student should read. 



CHAPTER VIII 

PHOSPHATES 

Practically all of the clay lands of the country 
and many of the other soils stand in need of phosphates, 
and the higher the standard of farming the greater is 
the amount required. There are three main sources 
from which suppUes are drawn : bonea, superphosphate, 
and basic slag. 

Bones 
Bones have long been appHed as manure in isolated 
parts of the country, but they were not commonly 
used until the beginning of the 19th century. Such 
remarkable resulte were then obtained in certain 
districts, e.g., in Cheshire, that the demand became 
very great, and the rather large accumulations of the 
past in various parts of the world had to be drawn 
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upon to satisfy it. The demand still continues; the 
butcher shops, meat markets and marine store dealers 
of the great cities are ransacked to keep up the supply. 
In modem practice the bones are sent to the works, 
put on to a perforated band and sorted ; clean shank 
bones are picked out for cutlery, hard bones for glue 
making and the remainder for crushed bone ; the 
separate batches are steamed at low pressure {15—20 
lbs.) to remove fat, nowadays a valuable commercial 
product. In some works the bones are degreased 
with benzene, and this process is more efficient than 
steam, so that the residual bone meal is richer in 
nitrogen and in phosphate. 

Botie meal. The bones intended for this purpose 
are then crushed and sorted into half inch bones, 
quarter inch bones and bone meal. 

Steamed bone fiour. The bones intended for glue, 
and the ends of the cutlery bones, are crushed and 
again steamed but this time at a higher pressure 
(50 lbs.), when most of the nitrogenous constituents 
are extracted as gelatine or glue. The residue can 
now be got into a very fine state of division and is 
sold as steamed bone fiour. 

Dissolved or vitriolised bones. These are made by 
treating bones with sufficient sulphuric acid to dissolve 
about half of the phosphate. The product is usually 
somewhat sticky, and has not the finish of a well 
made superphosphate. The following table gives the 
composition of various bone manures, but as the 
material is very variable the figures are to be considered 
as approximate only. Raw bones are still used in 
the Wolds of Yorkshire and in certain other districts 
but not generally elsewhere. 
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._ 


Equivalent 
to 


P.O. 


Equivalent 
to trioalcio 


RawEngluhboneB 
Bona meal 

Steamed bone flour 
Diasolved bonea 


5 

3B-fl 
1-2 
2-3 ■ 


6 

5-6 
1-3-5 
23-3'8 


22 

20-3S 

26-32 

16-16 


48 

43-66 
56-89 
33-36 



Bone meal usually acts beet on soil rich in humus 
or soils lacking in lime and is not very satisfactory 
on calcareous soils. At jRothamsted it gave good 
returns for spring wheat, barley and swedes, and also 
at Saxmundham, but in other experiments it has not 
proved as useful as basic slag or superphosphate. 

Steamed bone flour contains less nitrogen, but so 
far as the phosphate is concerned it has the advantage 
that it is very finely divided and can readily be dis- 
tributed. It haa good results on light alluvial loams. 

Dissolved bones resemble superphosphate in their 
action but are on the whole less satisfactory. 



On May 23rd, 18i2, Lawes patented his process 
for manufacturing superphosphate and thus founded 
the artificial fertiliser industry which has since attained 
enormous dimensions. The principle of the process 
is very simple : rock phosphates (themselves of no 
great fertilising value in this country) are treated with 
sulphuric acid so as to convert the tricalcic phosphate 
Cag(P04)a into the more soluble compound to which 
the formula Ca(HsP0f)2 is assigned : in addition calcium 
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sulphate is iormed. The following is the usual expres- 
sion of the reaction : 

Ca3(P0Ja+ SH^O. = 2CaS04 + Ca(HaPOJa. 

The mixture of calcium sulphate and monocaloio 
phosphate constitutes the superphosphate. No separa- 
tion is attempted, and the calcium sulphate or gypsum 
is left in : it not only does no harm but has itseU some 
fertihsing value and indeed was much used in the 
past: it fdso serves to get the superphosphate into 
a dry condition because it absorbs water very com- 
pletely. The process has attained a considerable 
degree of perfection, and allows of the production 
of a high grade product, finely powdered and dry, 
free from many of the defects of the older samples, 
The world's annual production is about 10 milUon tons. 

The rock phosphate comes largely from Northern 
Africa and it contains other substances besides calcium 
phosphate : the resulting superphosphate is therefore 
not entirely constituted as shown in the equation. 
The rock sometimes contains calcium carbonate, in 
which ease an additional proportion of calcium sulphate 
is present. 

It has been found convenient to standardise the 
various grades of superphosphate and sell them on 
a definite basis. The amount of soluble phosphate 
is determined by analysis as PaOg and the figure 
is then calculated as tricalcio phosphate. Thus the 
ordinary grade contains about 12 per cent. PaOg 
soluble in water; this figure is then multipKed by 2-18 
to convert it into tricalcic phosphate Cag (POj)^. 
Both figure are conventional m that superphosphate 
contains neither PjOj nor Ca^ (POj}^, but either figure 

&— 2 
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phosphate 


PA 


1>. lOd. 


48. 


U.9d. 


3«. IW. 


1..M. 


3».10d. 
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does very well to expreBS the amount of phosphate 
soluble in water. The ■ following grades are now 
ohtainable : 

UBBftlprine 
to.r. 
" 26 p.c. soluble " equivalent to 11-8 p.c. PgOg 48*. 
"30p.o.solnble" „ 130 „ 52*, 

" 36 p.n. Bolnble " „ 160 „ 60b. M. 

The student must realise very clearly that the 
expression " 30 per cent, super " does not indicate 
the presence of 30 per cent, of anything in the manure 
itself. It eimply means that the soluble phosphate 
present wouJd amount to 30 per cent. */ it were there 
as tricaldc phosphate. But it is not, and the only 
justification for this rather cumbersome method of 
expression is that all manures are worked out on the 
same basis, and that everybody haa got used to it. 
The more concentrated grades save freight ; the others 
supply a larger amount of gypsum which under some 
circumstances has distinct manurial value. 

Superphosphate has two remarkable effects on the 
crop : it favours root development in the early stages 
of plant growth, and it hastens maturity in the later 
stages. It is specially useful for swedes and turnips, 
and gives returns even when the soil seems rich in 
phosphates. Fig. 25 shows the results obtained at 
Rothamsted: umnanured turnips failed to swell and 
remained hke radishes, turnips manured with super- 
phosphate and potash swelled to a considerable size 
even without nitrogenous manure, while when this 
was added stiU further growth was obtained. 

After a wet winter^a dressing of 3 cwt. of super 
may considerably assist the young winter com to form 
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roots. Nitrate of soda or sulphate of ammonia should 
be given at the same time. 

Ite effect on maturity is well aeen on the barley 
plots. Wherever phosphates are withheld the crop 



f T 



Fig. 26. Effect of fertilisers on swedes. (Agdell field, 

Rothamsted, 1912.) 

Plot 1. Complete manure — phoaphatea, potash and nitrogen 

compounds. 

„ 3. Incomplete manure — phosphates and potash but no 

nitrogen compounds. 
„ 6. No manure. 

ripens badly : where they are supplied it ripens well. 
Indeed cases are on record elsewhere where the ripening 
has gone on too quickly, so that the crop has suffered 
in consequence. 

At Rothamsted the barley on the permanent 
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plotB stands greatly in need of phosphates : the results 
are plotted in Fig, 26. 

Phosphates also increase the feeding value of fodder 
crops and for this reason raust be liberally used wherever 



"'SJ^" "^^*" "t^*" «,J!X"*^ 



Pig. 20. EEfeot of phosphates and of potash on the yield of barley. 

(HooBfield, Bothamsted.) (Average 60 years, 1862-1911.) 
The oolamna represent total produce per acre while the figurea in the 
diamond spaoes give bnshels of grain and owts. of straw per aore. 

recourse is had to folding or where many head of stock 
are kept. Addition of superphosphate to the seeds ley 
often leads to improvement in the sheep grazing the 
aftermath. 

In horticultural practice superphosphate proves 
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very valuable for inducing hard growth in plants 
that are becoming too sappy. 

Even small dressings have produced marked all- 
round improvement on soil very deficient in phosphateB. 
The most striking examples are found in Australia and 
have been investigated at the Boseworthy Agricultural 
Ck>llege^; good instances also occur in Cardiganshire 
Striking effects are also produced in the Fens. 

Superphosphate ia soluble in water but it is rapidly 
precipitated in the soil and only very small quantities 
are found in the drainage-water : practically the whole 
of the superphosphate added to the Bothamsted 
soils during the past 60 years and not taken by the 
crop still remains in the soil. It is sometimes described 
as an acid manure but the statement is misleading : 
there is no evidence that it causes the soil to become 
acid : the Broadbatk plot manured with superphosphate 
does not lose its lime any more quickly than the 
correspondii^ plot without superphosphate. It has 
no bad effect on the texture of the soil, on the contrary 
it not infrequently causes an improvement. 

Basic slag {formerly called basic cinder, Thomas' 
phosphate powder, etc.) 

Most iron ores contain a certain amount of phos- 
phorus which has to be removed before a satisfactory 
steel can be produced. Two types of processes are 
in use for this purpose : basic processes and acid pro- 
cesses. There are two basic processes. In one the 
iron is melted in a Bessemer converter lined with lime 
and magnesia, and a stream of air is blown through 
to convert the phosphorus into an oxide which then 

' See especially 4tA Report, 1909-11. 
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luiitea with the material of the lining and forms basic 
slag. The other and more recent is known as the 
basic open hearth process in which, as the name indi- 
cate, the iron is melted in an open fm^iace and not 
in the converter. Both processes yield basic slags 
which are widely used as fertilisers. The «W3id open 
hearth processes are of less agricultural interest since 
the slags produced are not commonly on the market 
and are not recognised phosphatic fertilisers, although 
they contain considerable quantities of phosphate. 

When basic slag was first obtained in the Bessemer 
converters in 1879 its fertiUsing properties were not 
recognised; not till John Wrighteon in 1884 and 1885 
made his field experiments at Ferryhill and at Downton, 
and Paul W^ner in 1885 began his systematic pot 
experiments at Darmstadt, were agriculturists aware 
of its value. It gradually came into use and within 
4 or 5 years could profitably be adulterated with 
mineral phosphates, to detect which W^ner devised 
the well-known citric acid test that, with certain 
modifications, has remained io force ever since. 

Although basic slag is a by-product it is never- 
theless standardised and the grades in commerce 
usually contein a percentage of phosphorus equal to 
that present in 10 to 20 parts of PjOg or 22 to 44 parts 
of tricalcic phosphate. Such slag is sometimes said 
to contain 22 to 44 per cent, of tricalcic phosphate 
but this is incorrect : the actual nature of the phos- 
phorus compound is not yet known but it is probably 
a complex sifico-phosphate^ : the method of expression 

' MoriHon {Joum. Agric. Science, 1909, m. 161-170) shows that 
it is probably a compoand of the type (MO),M'0, SiO„ P,0,. He 
actuallj found (CttO)5FeO, SiO„ P,Oj. There is no evidence for the 
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as tricalcic phoBphate is convenient as it allows instant 
eompariaon with other phosphatic fertiHsers. It con- 
tains a certain amount of free lime, usually about 
2 per cent., which gives a distinct alkaline reaction, 
in addition a considerable quantity of the combined 
hme can probably act as a base in the soil (see 
p. 88). 

The medium and higher grade slags are lai^ly 
soluble in a 2 per cent, solution of citric acid ; 80 per 
cent, solubihty was long guaranteed so that the soluble 
phosphate came out at 20-34 per cent. Nowadays 
certain slags are often sold on the citric acid figure 
alone. The lower grades are often but not always less 
soluble. The solubihty in citric acid depends very 
much on the mode of preparation of the slag, in- 
creasing with the addition of sihca and decreasing with 
the addition of fluoi^par : the acid slags are practically 
insoluble. There has been some discussion as to how 
far citric solubility is a satisfactory criterion of manurial 
value, and the whole subject is now under investigation 
at two or three centres. 

Basic slag is not soluble in water but it dissolves 
in carbonic acid which occurs in the soil-water, and 
therefore readily comes into solution in the soil. The 
action is hastened by its fine state of division, at least 
80 per cent, being gimranteed to pass a sieve with 100 
meshes to the linear inch. 

It has given remarkable results on clay grass 
lands, and has probably been the cause of greater 
improvement on these than any other single factor, 
its action being to bring on the white clover which 

statement often mode that basic sla^ is a tetra baeio phosphate. A farther 
paper on the subject is by Krol, Journ. /ro» a?ui Sierf /nalifafe, 1911, p. 126. 



,1,1.0, Google 



138 Fertilisers [pt. hi 

then BO increases the nitn^enous organic matter of 
the soil that greater growth of grass becomes possible. 
As its effect is at a maximum when the herbage is 
most scant}' it is best to begin with a heavy dressing, 
say 8 to 10 cwt. per acre in the first year, followed 
by 6 cwt. at a later date. Experiments at Cockle 
Fark^ and elsewhere have demonstrated the great 
increase in feeding value of the herbage treated with 
sl^. It has also had a remarkable effect on the 
downland pastures of Sussex and Hampshire, seen 
for example at Sevington in Hampshire', and on 
Prof. Somerville's farm. Poverty Bottom, at New- 
haven. The older practice was to apply it in autumn 
or winter but later work has shown that spring dress- 
ings are also good. 

In dry situations, however, it proves less effective, 
e.g., on some of the Hertfordshire gravels and on the 
downland of Bast Kent. Sometimes the failure is due 
to lack of potash, which can be remedied by addition 
of kainit'. 

It is valuable on arable land for Swedes and turnips 
wherever there is any tendency to finger and toe, and 
it also increases the feeding value of the roots. 

The usual price of slag is : 

" Soluble Equivalent Price Price per tmit 

phosphate " to P,0, t.o.r.* Phosphate P.O. 

aOperceat... 9-1 27«. U. U. 2*. llrf. 

34 per ceat. . . 15-5 47#. U. iid. 3b. 

Over 3J million tons are produced each year. 

^ These are BammariBed in Prof. Somerville's paper, Joum. Bd, 
of Agric, Supplement, Jan. 1911. 

* Journ. Baih and Wett Soeiett/, reported tumaally, 1001 onwards. 

* E.g., see Wobmn Experiments, Jowm. Boy. Agric Soc, 1907. 

* See footnote, p. 200. 
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Comparison of basic slag and av/perpkosphate. On 
heavy clays, on downland pasture and in wet situations 
slag is generally better than superphosphate. For 
roots, potatoes, hops and other short season crops 
superphosphate is usually better than sl^. In 
Hendrick'a swede experiments^ at Aberdeen super- 
phosphate gave on the whole the lai^st increases in 
crop, but where linger and toe was prevalent it re- 
quired the addition of lime. In the Irish experiments 
basic slag and superphosphate gave approximately 
equal results'. Some of the Yorkshire experiments 
giving the same result are set out on p. 146, From 
these and other experiments we may conclude that 
the two fertihsers are nearly equally effective and that 
the choice between them must turn on special circum- 
stances such as climate, the wetness, heaviness, etc., 
of the land. It is not uncommon or unwise to apply 
both to the soil — separately, not mixed. 

Other phosphates 
From time to time other attempts have been made 
to utilise natural phosphates by convertii^ them into 
more readily soluble compounds, the most interesting 
of which are those of Wilhorgh and of Palmaer, both 
of the Polytechnic Institute of Stockholm. Large 
quantities of impure natural phosphates are obtainable 
from the North of Sweden, which Wilborgh attempted 
to utilise by fusing with sodium carbonate. The 
product was good, but too costly. Palmaer adopted 
an electrolytic method, tind acted on the phosphate 

I Aberdeen CoUege, BvU. Nob. 1, 4 and S, 1904, 1906. 1907. Also 
Traia. Bighland aid Agric., Soe., 1906. 
' Joum. Depl. Agric., Ireland, 1913. 
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with the acid solution collecting round the anode 
during the electrolysis of sodium chlorate, then pre- 
cipitated with the alkaline solution from the kathode, 
and finally filtered to recover the sodium chlorate 
which was once more eiectrolysed. The material is 
found to be very satisfactory^. 

Sometimes mineral phosphates themselves are 
groimd and sold as fertiUsers but no great quantities 
are used in this country. Beneficial results have been 
obtained in many parts of the United States, especially 
on sour dereUct lands : indeed so popular are the 
mineral phosphates that ' basic sla^ is not produced 
in spite of the vast iron and steel industry. Moor- 
land soils also frequently respond to mineral phos- 
phates. Neither of these results, however, afiords 
much guidance as to what other soils will do; in 
particular, moorland soils respond more than others 
to fertilisers of low solubility. Increased crops, how- 
ever, have been obtained at Cockle Park'. 



CHAPTER IX 

POTASSIC FEETILTSEKS 

The system of a^culture long in vogue in this 
country consisted in selling grain and meat from the 
farm but returning the straw to the land in the form 
of maniu^. As the straw contains a large proportion 
of the potftsh while the grain and meat contain much 

' Von Feiliteen, 8th Congress, Applied ChetaUtry, vol. xv. p. 85; 
also Joum. fir Landw., 1910, p. 33, and 1911, p. 371 
' See Guide for 1913, pp. 39, 40. 
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phosphate it is evident that the tendency of the system 
was to keep the potash on the farm and to reduce to 
a minimum the need for buying potassic fertilisers. 

But with the more varied types of cropping of 
recent times, and above all the extended growth of 
potash-needing crops hke mangolds, potatoes, and, on 



Fig. 27. Effect of potassic fertilisera on mangolds. 

(Barofield, BotbainBted, ) 

Lett hand plot — SnperphoHphate and nitrogenous manure, no 

potassiQiD salts. - 

Right hand plot — SuperphoBphat«, nitrogenouB manure and 

potassiutil salts. 

the Continent, sugar beet, there has arisen the necessity 
for applying potash to the soil and for this purpose 
lai^e quantities of potassium salts are imported. 
These all come from Stassfurt in Prussia, and, so far 
as is known, no other deposits of economic importance 
exist elsewhere. A certain amount is present in wood 
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ashes, but there is not usually sufficient of this material 
available to affect the supply to the fann. 



oi5y 



and potasaium 
potaasium aod 
salts nutgnesiom 

Fig. 28. Effect of mineral moDures on the jield of luanKolds already 
receiving nitrogenoUB mannre (ammoniam aalta and rape oake). 
Bamfletd, RothamBted. (Boots, tons per aore, average 37 years, 
1876-1912.) 

It is only since the " sixties " that the Stassfurt 
salts have been on the market, but the demand has 



itizecy Google 



CH. ix] Potasmc Fertilisers 143 

grown BO rapidly, especially since 1900, that nearly 
10 million tons per annum of the crude salts representing 
approximately one million tons of K^O were sold before 
the war, mainly for agriculture. Three salts are in 
common use here^ : sulphate of potash, muriate of 
potash, and kahut. There is also a fourth known as 
40 per cent, potash manure salts, but the sale of this 
was restricted to Germany. 

Potash is particularly needed for certain special 
crops like mangolds (Figs. 27 and 28) and potatoes; 
indeed in this country it is usually associated with 
dairy and potato farming. A usual dressing is 2 cwt. 
of muriate or sulphate of potash for potatoes or 4 cwt. 
of kainit for mangolds. Also, it is often effective on 
grass land, especially on thin soils, and on leguminous 
crops. It may be needed for other crops as the 
standard of farming rises and the yields are forced 
up : the natural supphes of potash in the soil are not 
always sufficient for the higher crops that ought to 
be obtained. Thus on the Bothamsted barley plots 
phosphates give a considerable increase in yield, but 
a still further increase is obtained by supplying po- 
tassium salts in addition (Table YI). 

Table VI, Effect of manures on the yield of barley. 
Rothamsted: average 60 years, 1862—1911 

Dressed grain Straw 

Treatment of barlej bushels per acre awte. per acre 

Sulphate of ammonia onlj 25-6 14-7 

„ „ „ + potash 28-0 !6'9 

„ „ „ -I- niper 38-2 22-0 

+ Bnper + potash 41 '5 2S-0 
' For a fall desoription of the Staasturt depoaits see Tht PoUuih 

Salii, their Production and ApplicalioTi, Dr Qroth. Lombard Preaa, 
London. 
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Another instance is afforded at Saxmundham 
(Table VII). The soil is heavy and potash was not 
expected to give a return, nor did it so long as the 
yields were low. But directly phosphates are added 
the yield goes up tind the potash-needing plants — 
beans, peas and lucerne — can now increase beyond 
the capacity of the soil supplies of potash. Fresh 
additions of potash are therefore necessary for these 
crops, but not, however, for barley or wheat. 

Table VII. Ejfed of potassic manures <m crops. 
Saxmundham: average yields 4 years, 1910-1913 



No moDure I 

2 cwt. nitrate of Hoda 
2 owt. eoeh nitrate ' 
of Boda and super- ' 
piioBphate j 

2 cwt. each nitrate j 
of soda Buperphos- i 
phate + 1 ewt. mu- j 
riate of potash 



Grain Straw , Grain Straw 

bu8. cwt. < bug. cwt. 

21-3 17-6 ' 19-4 20S 

26-5 260 ; 23-2 30-3 



342 29-7 25- 



1 6 yeaiB, 1903-1908. 

Whenever land of any kind has been improved and 
made to yield higher crops a trial should always be 
made to see if potash is needed. 

Light sandy soils respond considerably to dressings 
of potash, so also do moorland soils. It is because 
of the wide occurrence of these two types of soil in 
North Germany and of moorland soils in Sweden 
that potash is so much used in those countries; the 
demand is still further increased by the great quantity 
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of sugar beet grown. light chalky soils also respond 
to pota^. Although all three salts are easily soluble 
they are readily precipitated in the soil and only wash 
out with difficulty so that the drainage-water is practi- 
cally free from potash. 

The main effects of potash on the plant are three. 
It facilitates either the production or the translocation 
of sugars and starches from the leaf and hence its 
value for sugar- and starch-making crops like sugar 
beet, mangolds and potatoes. 

It stiffens the straw of cereal crops and of the 
grass tribe generally : at Rothamsted the wheat and 
grass crops growing on the plots deficient in potash 
tend to become laid, especially in bad seasons. 

Further, it enables the plant to withstand adverse 
conditions of soil, climate or disease, etc. The plants 
well suppUed with potash at Botbamsted do better 
in bad years — whether of wetness or of drought — 
than the others : they are also more resistant to rust 
and other diseases. On the potash-starved plots the 
grass not only gets laid, but is also hable to attacks 
of the fungus Epickloe, and in addition the seed heads 
are often barren ; the mangolds get badly attacked 
by the fungus Uromyces betae; the wheat is always 
subject to rust and the tips of the leaf begin to die 
early in the season and then the edges turn yellow 
for some distance down. Elsewhere also dressings of 
potash have enabled plants to withstand pests: flax 
in Ireland, tomatoes in glasshouse culture, spring oats 
affected by eelworm have all furnished cases in point. 
Potash manures also tend to counteract rankness of 
growth and therefore find valuable application for 
glasshouse and nursery work. 
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In farm practice the potash should be applied 
either to potatoes or to mangolds : the cereals in the 
rotation can then very well take up the unused 
material. On the whole kainit is better for mangolds 
while the sulphate or muriate is better for potatoes ; 
between sulphate and muriate, however, there is 
httle to choose^. Where potash is wanted for grass 
land kainit is perhaps the better and on the whole 
cheaper: the results of the Yorkshire experiments' 
which are typical of many others are given in Table VTII- 
Tabu! VIII. Yorkshire experiments on meadow hay. 
Cwls. per acre 

Oarfbrth Horton 

No manure 32 36 

Nitrate of Boda 43 43 

I super . . . . . . . . 44 4S 

Nitrate of soda -)■ J steamed bon« flour . . . . 43 45 

IsUg 44 4S 

j- sulphate 43 49 

NitrateofBoda-t-phosphates+potash as J miniate 46 61 

Uaiuit 42 62 

At Garforth the potash has given no return; at 
Horton, however, distinct increases have been obtained. 
In glasshouse practice sulphate of potash is generally 
considered better than kainit. 

The muriate and sulphate are single potassium salte 
but kainit is not: it is a mixture containing sodium 
and magnesium salts as well which have distinct 
fertilising value although they are not as efiEective 
as potash. Dressings of potash and particularly of 
kainit have occasionally reduced the crops, apparently 
because interaction with the calcium carbonate in 

• See 10<A Annuai Seporl, thtrham Coll., 1902, p. 30, for details of 
an esperimcnt on this subject. 

• Guide to the Oarforik Experiments, 1013, p. 3. 
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the soil gives rise to potassium carbonate which has 
a bad effect on the soil texture^. 

The composition and prions of the three manures 
are as follows: 

Containing Price Price per 





equivalent to 


f.o.r. 


K.0 


Sulphate of pota»h . . 


48-5 % of K,0 


£11 


48. eid. 


Uuriate of potash . . 


46 


£10. Ig. Od. 


4t. 7rf. 


Kainit 


12-0 


£2. lis, Od. 


4«. 4d. 



Wood ashes contain about 10 per cent, of KjO 
and are thus nearly as rich as kainit ; but the potash 
occurs as the highly soluble carbonate and is rapidly 
washed out by rain. To be of any use, therefore, the 
ashes must be collected at once. Phonolite and felspar 
also contain potash but they proved ineffective in the 
Wobum experiments. 



CHAPTER X 

MANUBES SUPPLYma OEQANIC MATTER: 
FARMYARD MANURE 
Obqanio matter is a general expression used to 
denote substances of animal or vegetable origin in 
contradistinction to the nitrates, phosphates find potas- 
sium salts which are termed inorganic. It contains 
carbon, hydrogen and oxygen and is combustible : this 
property is used in practice for distinguishing it from 
the inoi^anic matter of soils or fertihsers which is 
usually non -combustible. 

Organic matter differs in two important directions 
' An iuatance is afforded at Gariorth; see Guide, 1913, p. 20. 
10—2 
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from the zoineral substances studied in the precedii^ 
ohapters. Nitrates, phosphates, and potassium salts 
are directly assimilated by plants; organic matter 
apparently is not, and it derives no fertilising value 
from its three characteristic components but only 
from any nitrogen, phosphorus or potassium it may 
contain. Before these elements can be utilised by 
the plant, decomposition must take place in the soil 
and this is effected by moulds and bacteria, and gives 
rise to ammonia, carbon dioxide and certain complex 
residues grouped together as humus. The fertilisiog 
value of the organic matter depends very much on 
the rate at which this decomposition proceeda, which 
in turn is determined by the bacterial efficiency of 
the soil and by the native of the substance. Protein 
and the simpler compounds such as urea are rapidly 
decomposed to form ammonia in the soil, but the 
more complex substances which occur in sta?aw, wool, 
etc., break down more slowly. Field experiments 
have shown that the effect o£ ammonia only lasts 
for one season, any excess not taken by the plant 
being washed out during winter. The easily decom- 
posed substances therefore only act for one year: 
they are called quick acting manures. The more 
complex substances decompose more slowly and last 
more than one year : they are called slow acting or 
lasting miinures. There is no special virtue in a slow 
acting manure: one pound of nitrogen will only 
yield the same amount of ammonia whether the 
decomposition process takes weeks or years : indeed 
there is the disadvantage that a slow acting manure 
represents capital locked up while the quick acting 
manure gives a quick return. It will be seen below 
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that all the protein substances — dried blood, rape 
cake, gaano, the cake fed to animals — are quick acting 
and may last only one year, while straw and wool 
{i.e., shoddy) are slower and last longer in the soil. 

The second great distinction between organic 
matter and artificial fertilisers lies in their effect on 
the soil. Artificial fertilisers have comparatively Uttle 
action as a rule; organic matter, on the other hand, 
causes great improvement in physical condition and 
in water-holding capacity. Some of the Bothamsted 
plots receiving no organic fertiUser have now so bad 
a texture that difficulty is experienced in getting a 
tilth, and crops like roots that are dependent on 
a fine tilth suffer accordingly: cereals, however, are 
not affected. Extreme cases arise where artificial fer- 
tilisers are of practically no value while the oi^anic 
manures lead to considerable increases in crop: such 
cases are not common in this country and are usually 
confined to dry sanda, but they not infrequently arise 
in subtropical conditions and are seen for example 
in Madras, Java, etc., where neither nitrates, phos- 
phates nor potash give appreciable crop increases 
while the oil cake residues have considerable fertilising 
value ^. In this country, however, organic matter 
cannot be regarded as necessary for crops however 
desirable it may be from the point of view of getting 
a tilth. Large crops of wheat, barley, mangolds and 
grass are regularly grown at Rothamsted on land 
which for 70 years has received no organic manure 
and the crops show no signs of faUing off. A strict 
comparison was made by Hansen on a light loam 

> See, for inetanoB, Dr Barber's Report of the SamtMola BxperimeM 
Station, 1912. 
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and on a stuid at Askor (S. Jutland) where farmyard 
manure was compared with a dressing containing 
equal amounts of nitrogen, potash and phosphates 
in the form of artificials (nitrate of soda, superphosphate , 
and kainit) and almost always gave poorer results^. 

But if Clonic matter is not needed by the crop 
it is commonly required by the soil : and experiments 
all over the country have shown that the best economic 
results are obtained by a judicious combination of 
artificial fertilisers with oi^anic manures. 

Farmyard manure. Farmyard maniure consists of 
the sohd and fiquid excretions from the animals to- 
gether with the fitter. It is the oldest and the com- 
monest of aU the fertilisers : indeed in the " sixties " 
and "seventies" beasts were kept on the farm solely 
for the value of the manure they made, and the practice 
still persists to some extent. 

About half of the bulky food supplied to the animal 
(hay, straw, etc.) and nearly all the concentrated food 
(com, cake, etc.) can be broken down by the digestive 
fluids in its body; the remainder cannot, and simply 
passes out as sofid excreta or faeces. The digested 
portion enters the circulation and is used by the animals, 
most of the nitrogen and potash then finds its way 
into the urine. The compounds in the imne thus 
represent the easily decomposed part of the food, and 
in the soil they readily change to ammonia and other 
useful substances. On the other hand the sofid excreta, 
which could not be broken down in the body, prove 
somewhat resistent in the soil. Hence the mine is the 
most valuable part of the manure. 

< Ft. HonBen and J. Huuen, Tidmtrifl /or LattdbngtU Planttavl, 
1913, XX. 3*6. 
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The richest manure ie therefore that which contains 
the most and the richest urine. Now the richness of 
the urine cleariy depends on the food, for, aa we have 
just Been, the urine gathers up most of the digested nitro- 
gen ; hxnte, the more digestible nitrogen the food contains, 
the richer will be the manure 'produced. Concentrated 
foods like cake, which are rich in digestible nitrogen, 
therefore improve the dung. But it does not follow 
that the richest cake gives the richest manure : richness 
of cake depends on the oil present, while richness of 
the manure depends on the nitrogen. A linseed cake 
containing 7 per cent, of oil gives richer manure than a 
more costly cake containing 10 per cent., and decori^i- 
cated cotton cake gives a richer manure still. 

But the richness of the urine also depends on the 
animal. Fatting animals keep back very little of their 
nitrogen — only about 5 per cent. — and pass most of it 
out in the urine. Growing animals and milch cows 
keep back considerably more, so that the urine is 
correspondingly poorer. Consequently fatting animals 
make better manure than yowrig stock or dairy ams. 

It is clear also that the urine must on no account 
be allowed to waste : sufficient suitable Utter must be 
added to absorb it all. Straw, peat moss, and bracken 
tare used for the purpose, and these substances not only 
absorb the urine but also enrich the dung because they 
themselves contain valuable fertilising materials. 

Straw is much the commonest form of litter : it has 
conaderable power of absorbing urine especially when 
well trodden by the beasts and it also contains a fair 
amount of nitrogen and of potash. Its composition 
varies somewhat (Table IX), but on an avera^ one ton 
contains nearly 12s. worth of fertilising material. 
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Bracken compares very favourably with straw and 
should be used whenever opportunity offers, especially 
on heavy soils: on sandy soils, however, it suffers 
from the drawback — which, however, is not always 
very important — that it decomposes more slowly. 

Peat moss is not generally used on farms as sufficient 
straw is usually available, but in city stables it is 
often preferred by reason of its higher absorbent power. 
Peat moss maniire may be expected to contain more 
ammonia than ordinary manure, but on the other 
hand the peat moss does not itself contribute as much 
to the manure as straw, being poorer in potash and 
phosphoric acid. Further it does not so readily de- 
compose and is therefore less useful on hght soils. 

Table IX. Typical analyaes of the materiala used for 
liU&'. 100 lbs. of each maUrial contain : 

Nitrogen Phosphoric iicid (P,0,) Potsah(K,0) 
Oat atraw . . . . 060 0-U 100 

Wheat straw . . 0-46 0-24 0-80 

BMle; straw .. 040 018 100 

Bracken .. 1-4 0-2 0-1 

Pe»t moss . . . . 0-8 01 0-2 

The manwe as made. Knowing the weight and 
composition of the food and litter and deducting the 
food constituents retained by the animal, it is easy 
to calculate the amount of fertilising materials in 
any particular lot of farmyard manure. Experiments 
by Voelcker, Wood and the writer show that the 
calculation does not come out right, the quantity of 
nitrogen found in the manure being usually about 
16 per cent. less than was anticipated. The losp does 
not take place in the animal : physiological experimenta 
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have shown that the whole of the nitrogen of the food 
is ezcreted in the urine or faeces and that there is no 
production of gaseous nitrogen : the loss goes on through 
bacterial action while the manure is in the stall and 
before it is removed. Aft«r making this allowance 
we can find the total quantity of fertilising material 
in the heap. The amount per ton, however, depends 
on the amount of water present and this varies with 
the different aninials ; sheep and horses giving more 
concentrated urine and faeces than cattle and pigs- 

In view of the great variability in the quantity 
and composition of the litter and of the food it is 
obvious that no very definite figures can be given 
for the composition of farmyard manure. Numerous 
analyses have been made ; a few are given in Table X, 

Changes on storing. Dung cannot generally be used 
directly it is made but often has to be kept for a 
period and applied to the land when convenient. 
Bacteria, moulds, etc. cause considerable decomposition 
during storage and much heat is evolved. Relatively 
dry manure, e.g., horse dung, rises considerably in 
temperature ; wetter manure like cow dung does not 
because of the great amount of heat needed to warm 
up all the water present and because much water means 
little air. This production of heat involves the com- 
bustion of material in the heap so that there ia a 
corresponding loss of dry matter. ' The loss of nitrogen 
may be considerable and is of course additional to the 
loss of 15 per cent, incurred during the making. 

The changes that take place are very complex 
and are not yet clearly known : they are under investi- 
gation at Rothamsted. Exposure to air and rain 
greatly increases the losses, shelter on the other hand 
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decreases them. Thus the losses are least in a com- 
pact heap stored under cover, or, what comes to the 
same thing, in manure made in a hox and kept under 
the animal. They become greatest — amounting to 
40 per cent, or more — when the manure is made in 
open yards and then loosely packed into heaps and 
exposed to rain in the open. In the Bothamsted ex- 
periments the losses on storage for three months were : 

Compact heap nndei cover : 4 per oent. of nitragen. 
Loose he»p under cover : 7 per cent. oF nitrogen. 
Heap exposed to open : 33 per cmt. of nitrogen. 

The loss fell mainly on the ammonia and amides, 
i.e., on the easily available nitrogen. (Fig. 29.) 

On this basis a 100 ton heap of manure valued 
at bs. a ton wQuld have lost over £8 worth of material 
in three months' exposure to the weather. The best 
way of reducing loss in practice is to make the manure 
in boxes or covered yards and to store it in heaps 
sheltered as much as possible, compacted by means 
of a loaded cart and arranged so as to reduce the 
area exposed to rain. 

Formerly it was supposed that the loss of nitrogen 
took place mainly as ammonia, and farmers were 
advised to mix superphosphate, gypsum, or soil with 
the heap as " fixers," but recent work is against this 
view and direct experiment has shown the futility 
of these precautions. Shelter and compacting seem the 
best methods of reducing the loss. 

The liquid draining away from the heap and from 
the yards is of great fertilising value and should not 
be wasted^. It may be applied direct as liquid manure, 

' Experiments with liquid manure are recorded by Hendrick, North 
of Scotland College of Agric., Bufl. No. 19, 1915. 
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or pumped back on to the heap just before carting on 
to the land. 

Effect of the manure. Practical men distingnifih 
between " long " manure which has aufFered only Uttle 
decomposition, and retains its straw in the original 
long state, and " short " manure, where decomposi- 
tion has proceeded so far that much of the straw 
has disintegrated to form a black buttery mass. The 
" short " manure is often richer in composition than 
the " long " manure, but it is more costly to produce 
becauae as much as two tons of fresh manure may be 
needed to make a ton of short manure, while the same 
quantity of material would yield 35 cwt. or more 
of loi^ manure. For this reason long manure is most 
in favour on the farm, where cost« have to be considered, 
while short manure is preferred in the garden. 

Long manure is of special advantage on a heavy 
soil since the straw helps to keep the soil open and to 
facthtate drainage and the action of winter frost. 
On light land or in dry districts this is a disadvantage 
because the undecomposed straw may open up the soil 
too much and cause loss of water. In such cases the 
long maniu% is best applied in autumn so that these 
actions can proceed unhindered and disintegration 
and decomposition can begin before growth becomes 
vigorous in spring. It can, however, be applied in 
spring when it is buried in the furrows as in potato 
growing. 

Short manure can be used at almost any time of 
the year and is therefore neceHsary for many garden 
purposes. 

The distinction between oake-fed dung and ordinary 
dung produced by store cattle has already been 
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disousBed. Cake-fed dung, as shown on p. 151, is richer 
in nitroeen than dung produced on hay and roots 
only, and >iB even better than the figures indicate 
because the eatra nitrogen is largely in the form of 
ammonia and amides produced from the liquid excreta. 
These compounds readily change to nitrates in the 
soil and so give rise to increased crops. Some of the 
data obtained at Bothamsted are given in Table XI. 
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On the heavy soil at Rothamsted and the similar 
soil at Garforth the advantage of the cake feeding 
was not seen after the second year; experiments on 
other types of soil would be needed to discover how 
far this effect is general. 

The two most striking physical effects of farmyard 
manure on the soil are the improvement in tilth 
already referred to, and the improvement in the water- 
holding capacity. Fig. 30 gives curves showing the 
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percentage of water in the dunged plot and in the 
adjacent uAmanured plot of the Broadbalk wheat 
field during 1914: it will be seen that the former 
is invariably the moister even in the very dry June. 
Indeed so great is the water-holding capacity of the 
soil that the rain-water does not distribute itself 
uniformly in the soil but remains in the top few inches 
and rarely gets down to the drains in sufficient quantity 
to cause them to run. The unmanured soil, on the 
other hand, is easily permeable to water, becomes 
wet throughout its depth soon after rain has fallen, 
and readily transmits water to the drains. 

Farmyard manure considerably influences the micro- 
scopic population of the soil, causing the nimibers 
of bacteria and other organisms to increase and bringing 
into prominence certain changes that are not con- 
spicuous in ordinary soils. 

On the heavily dunged Broadbalk plot (14 tons 
annually) about 30 to 50 per cent, of the nitrogen 
in the dung is absorbed by the crop or washed out, 
and about 20 per cent, accimiulates in the soil, but the 
remainder cannot he accounted for, and the simplest 
explanation is that it is lost as gaseous nitrt^en. 
EquaUy serious losses seem to occur wherever dung is 
used in heavy dressings, e.g., in market gardening, 
in certain glasshouse work, and in intense mangold 
growing. On the other hand there seems to be less 
loss where the dung is only apphed once in four years 
as in ordinary farming, and where proper rotations 
and well-balanced manurial schemes are adopted. The 
cause of the loss is being investigated at Rothamsted. 

The use of farmyard manure. As a fertihser farm- 
yard manure is well supplied with nitrogen and potash. 
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but deficient in phosphates, and the best results are 
obtained when the necessary artificial manures are 
applied somewhere in the rotation. The dung is 
usually put on to the roots, especially to the mangolds 
and potatoes, some also can go on the yoimg seeds 
and some to the meadow land. The time of application 
depends on the chmate, the crop, and the labour 
available. So far as labour is concerned it is an 
advantage to apply the manure in autumn or winter 
and get it worked in ready for the spring, and this 
can be done in districts with an annual rainfall of 
30 inches or less. In wetter districts, however, with 
a rainfall of 35 inches or more, better results have 
been obtained by spring dressings. Cases have arisen 
where autumn dressings on seeds mixtures have kept 
the land so wet that young clover plants have suffered. 
Berry has shown in the west of Scotland that spring 
dressings gave increases of 60 to 60 per cent, in the 
potato and turnip crops while autumn dressings only 
gave 25 per cent, increase over the control plots^. 

Farmyard manure sometimes contains many weed 
seeds and the old practice was to kill them by throwing 
the heap up loosely and allowing it to become hot. 
But the modem threshing machine is considerably 
more efficient than the older form, and the weed seeds 
are more completely removed with the cavings ; so 
long as these are not thrown on to the manure heap 
there is little if any need to take special precautions 
against weeds. On a clean farm even the cavings can 
be used with advantage. Purchased town manure 
should, as far as possible, be clamped in autumn and 
left as long as convenient to kill weeds. 

> Went of Scotland AgrkuUur-^ BuUelin, No. 65, 1914. 
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1. Decorticated cotton cake.. 

2. Undecortd. cotton cake (Egyptiaj , 

3. Undecortd. oottoD oake (Bombay) 
4 Linseed oake 

8. Ijnseed 

6. Soya-bean cake 
7 Palm-Dut cake 

8. Cocoa-nut cake : . 

9. Earth-nut cake 

10. Rape cake . . 

11. BeaDfi 

12. Peas 

13. Wheat 

U. Barley 

15. Oats 

16. Maize 

17. Rice meal 

18. Locust beans 

19. Malt 

20. Malt oolms . . . . . . 

21. Bran 

22. Brewer's grams (dried) 

23. Brewer's grains (wet) 

24. Clover hay . . 
26. Meadow hay 

26. Wheat straw 

27. Barley straw 

28. Oat straw 

29. Mangolds 

30. Swedes 

31. Tmrnips 
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Finger and toe may be carried in manure if animals 
are fed on diBeased roots. 

Unexhausted values. Farmyard manure is in rather 
a difierent category from the artificial nitrogenous 
fertilisers in that its effects are not confined to the 
season of appUcation but persist over several years. 
So long as a farmer continues in possession of the land 
he may hope to gain the benefit, but if be gives it 
up before the effects have come to an end be is entitled 
to compensation for the unexhausted value of the 
manure. The first tables for the guidance of valuers 
were drawn up by Lawes and Gilbert in 1870; they 
have been periodically revised and were reissued in 
1914* by Voelcker and HaU, who recommend: (a) 
compensation, should be payable in respect of half 
the nitrogen and three-quarters of the potash and 
phosphoric acid contained in the food, it being supposed 
that the remainder is lost: this amoqnt to be paid 
in full where the manure has been applied to the land 
but no crop grown ; (6) only one half the above amount 
is to be paid after the growth of one crop, and nothing 
is to be paid after the growth of two or more crops ; 
(c) where, however, the food is fed on the land and 
not made into manure a higher scale of compensation 
should be payable, and credit be given for 70 per 
cent, of the nitrogen instead of the 50 per cent, in 
(a). This higher rate, however, is only applicable 
before a crop is grown because the extra benefit is 
attributed to the ammonia formed from the urinp. 
Their values are given in Table XII. 

1 Joam. Bm/. Agric. Soe., 1014, Liuv. 104. 
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CHAPTER XI 

OTHER OBGANIC MANURES 

(A) Animal Obiqin 
Ov/ino 

GuATTO consists of the droppings of pelicans and 
other sea birds mixed with feathers, corpses of dead 
birds, remains of food, etc. It first came into this 
country from Peru in 1840 and rapidly achieved a 
high reputation. Other suppUes have since been drawn 
from the nmuerous islands of the South Pacific. 
Deposits also occur on some of the islands off the 
coast of South Africa, especially Ichaboe, but these 
are retained for local consumption by the Union 
Government and are not generally shipped to Europe. 

The composition and character of the guano 
depend on the conditions under which it has accumu- 
lated : in rainless areas it rapidly dries and remains 
undecomposed : in wet areas it suffers considerable 
decomposition and loses much of its nitrogen and 
organic matter, beconaing more phoaphatic. Thus two 
grades of gnano are available : the nitrogenous, 
obtained in rainless districts, and the phosphatic, 
from moister regions. 

The chief European supply of nitrogenous guano is 
from the rainless islands off the coast of ChiU and 
Peru (lat. 7° to 20° S.)- These are uninhabited and 
practically unvisited except at long intervals for the 
purpose of clearing the accumulations. The birds are 
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carefully preserved and care is taken by the Govern- 
ment and the large firme controlling the industry to 
eneure continuity of supplies for the future. The 
Ichaboe guano used in South Africa is collected annually 
after the breeding season is over : it is thus the freshest 
on the market. It usually contains less phosphate 
and more sand than the Peruvian guano of corre- 
sponding grade. 

The phosphatic guanos are obtainable from a wider 
area and show larger proportions of phosphates and 
rock material by reason of the removal of the organic 
matter. 

The composition of these guanos is as follows : 





Nitrogen 


" . Equivalent 
P,Os 1 to triofOcio 


Potash 
K,0 

2-4 
2-4 
2 
2-6 


Moisture 

and 
organic 
matter 


Smd 

7-12 
9-25 
IS-26 
4-6 


Ordinary „ 
lohaboe 


10-14 

6-8 

S 

2-5-3-5 


Ml , 20-24 
14-18 30-40 

9-14 20-30 
18-32 40-70 


60-70 
4fr-50 
80-60 
22-25 



The high grade Peruvian guanos are used in horti- 
culture, the ordinary grades in market gardens and 
occasionally for potatoes. It is quick acting and its 
effect at Rothamsted only lasts for one season 
(Table Xin). The phosphatic guewioa are used both in 
market gardens and on farms. Other grades are treated 
with sulphuric acid to decompose the phosphates and 
form " dissolved guano," which is used in intense 
cultivation here and on sugar plantations in the 
West Indies. 
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Table XIII. Effect of Peruvian guano on yield of 
crops. Botkamsted, Little Hoosfield. Total pro- 
duce per acre {unmanured — 100) 





Swedes 
1904 


"iSr 


Man- 

goldB 

1000 


1907 


Sw«de« 
1908 


Tear of application 

3rd ;; " 


100 
13A 


100 
182 

00 


100 
142 

109 
112 


100 
160 

106 
90 


100 
120 

90 
91 
88 




'S 


Wheat 
1910 


Man- 

1911 


Wheat 
1912 


Mean 


Year of application 

W year »fter application 

3rd ", ", 


100 
1B2 

80 

90 


100 

124 

77 
64 
87 


100 
120 

94 
97 
89 


100 
107 

98 
84 
00 


100 
138 

93 

90 
89 



Manufactured manures. — Fish guano. Fish guano 
or fiah meal is obtained from fish which for any reason 
cannot be sold as food. The oil is first extracted 
by heat and pressure and the residue is then finely 
ground. It usually contains about 8 to 10 per .cent. 
of nitrogen and 4^ to 9 per cent, of P2O5, equivalent 
to 10 to 20 per cent, of tricalcic phosphate; some- 
times, however, more bone is present. It is a very 
useful manure for hops and in gardens, and has 
given good results when applied at the rate of 4 lbs. 
per rod to lawns on thin dry soils : it is also useful 
in farm practice. Care should be taken that it is 
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ground sufficiently to reduce the bone to a fine state. 
It must be got into the land quickly or it may be 
taken by birds. 

Meat guano or meat meal, greaves 
This is prepared from waste meat, condemned 
meat, refuse from slaughter houses, etc. It is first 
heated by steam to extract some of the fat and then 
subjected to presBure to remove as much more as 
possible — this process being adopted because of the 
high commercial value of fat for the soap and candle 
industries. The resulting cake is then broken up, 
dried, sep^ated by shaking from foreign matter such 
as iron, glass, and is finely ground. Some of the 
fibrous material which still remains can only be 
disintegrated after treatment with sulphuric acid. 

Some bone is always present, and definite quantities 
are added in certain cases to bring the composition 
to a uniform grade. The composition of various 
grades is as follows: 





Nitrogen 


P.O. 


Equivalent to 


Pure fleBh, dij and fat 
free 

High erode meat guano 

PhoBphatio meat guano 
Ibone added) 

Pure bona 


16-7 
8-9 

4-6 
5 


4-6-7 

16-18 
22 


10-lB 

36-40 
48 

1 



Greaves is the waste material sent out by soap 
boilers and others; it is of substantially the same 
nature as meat guano, but not being a definitely 
manufactured manure it is liable to variations in 
composition and physical condition: it should only 
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be bought after analysis and comparison with samples 
of meat or fish guano. 

Dried blood. This usually contains about 12 per 
cent, of nitrogen and it decomposes so rapidly that it 
commands a specially high price, and indeed is usually 
too costly— about £12 per ton— for ordinary purposes. 
It is, however, used in high class horticultural work, 
e.g., for roses, carnations, vines, etc., and much of it is 
bought for America and for the better grade of mixed 
and patent fertilisers. 

Hoofs and horns. Good samples of these contain 
12 to 14 per cent, of nitrogen. When finely divided 
they, are very effective for glasshouse work, and com- 
petition for the supply has sent tip prices considerably. 
Another grade admixed with bone is also obtainable 
containing about 10 per cent, of nitrogen and 20-25 
per cent, of phosphate. Coarser samples are of Uttle 
use, and the rough material called scutch, sometimes 
offered for farm use and consisting of hair, hoof and 
bone, should only be applied after it has been well 
broken up. 

(B) Vegetable Origin 
Oil cakes 
The lai^ demand for oUs and fats has created 
an enormous industry in pressing out oil from oil 
seeds. In some cases — e.g., linseed and cotton — ^the 
residues have considerable value as cattle food: in 
other cases they are unsuitable for this purpose and 
are then offered as manure. The best known in this 
country is rape cake, which usually contains about 
6 per cent, of nitrc^en, 2 per cent, of P2O5 (i.e., 4 per 
cent, of " phosphate ") and 1 per cent, of potash. 
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Rape cake has long been used aa a manure with 
good results^ in this coimtry and in India, and numerous 
experiments at Bothamsted have proved its value both 
on cereals and on roots (Table XIV). There is nothing 
to show, however, that it is worth a higher unit price 
than the various guanos, and yet higher prices are not 
uncommonly asked (Table XVII). 

Table XIV. Effect of rape cake on yields of barley 
and mangolds, Rothamsted 







BarUy 


. Mangolda 






Average yield 


1 Average yield 




PI.. 


for 60 JTB. 
(1862-1911) 


Plot 


for 34 yw. 

(1876-1912) 




Grain, 


Straw, 








bushek 






per acre 


Dnm&nured . . 


I'O 


12-7 


8-4 


80 


3-7 


Complete artificial 














4-AA 


42-7 


27-3 


4-i 


148 


Fannyard manure 












(14 tons) . . 


7-2 


471 


29-6 


l-0» 


IS'9 


Rape cake (9 cwt.) 


Ic" 


38-3 


221 


e-c" ' 19-3 



' Rape cake alone; (he addition of pota«h and pboaphatea has 
veiy little effect. 

■ Rape cake + potash and pboaphates, these being speoially needed 
for nmngoldB. 

* Dung -I- potash and pbosphates : this yield Is, bowever, almost 
the same as witb dung alone. 

The eflEeet only lasts for one year at Rothamsted 
and no evidence has been obtained of any residual 
efEeet {Table XV). 

' An interesting old account is given by Hannam in Jourtt. Rog. 
Agrie. Soc, 1848, iv. 177. 
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Tablh XV. Immediate and svAsequent effects of rape 
cake. SothamMed, Little Hoosftdd. Total produce 
per acre {unmanured = 100) 





Swedes 

1904 


S' 


Man- : Spring 
golds , Wheat 
1906 1907 


Swedes 
lOOS 


Unmiinnred 

3rd ;,' " 


100 
134 


100 
164 

08 


100 
116 

02 
91 


100 
146 

101 
96 
S6 


100 
134 

103 

103 





Barley 
1909 


Wheat 

1910 


Man- 
golds 

laii 


Wheat 
1012 


Maaa 


Tear of application 

1st year after application 

3rd ", '.', 


100 
12S 

90 
112 
93 


100 
126 

81 
78 
00 


100 
114 

91 
92 

S4 


100 
131 

IIB 
106 

106 


100 
131 

97 
96 
94 



Castor meal is also used to some extent. Oil 
cakes residues play a very important part in Indian 
agriculture and not infrequently prove better and 
cheaper than artificial manures (p. 149). 



Seaweed is one of the oldest manures known and 
has been in use since remot* ages in the coastal districts 
of Great Britain. It is so important in Jersey that 
the dates for cutting are annually fixed and announced 
by the Court, while the collection, drying and stacking 
afford regular summer occupation to some of the 
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poorer people : in Scotland also the right to collect 
it sometimes forms part o£ the covenant with the 
landlord. Seaweed contains about the same amoirnt 
of nitrogen as ordinary farm crops, and a considerably 
higher percentage of potash than these or the Zostera 
and other plants often collected with it. The different 
weeds vary, the long broad leaf-like Laminarta being 
richer than Fucua, the common bladder-wrack of the 
rocks. Further the weed cut or thrown up early in 
the year is richer than that obtained later in sunmier 
or autumn. The average composition of wet weed 
is usually^: 

Water Organic matter Nitrogen Potaah (K,0) P.Oj 

7»-80 13-a) 0-3-0-8 0-8-1 -5 002-017 

It is thus very similar to farmyard manure except 
that it contains less phosphoric acid. On drying, 
however, a very rich manure is obtained which ought 
to be utiUsed to a greater extent than is done at present. 
It ie largely used for potatoes in Jersey and in 
Scotland, the dressings being from 25-30 tons in Ayr- 
shire and up to 46 tons in Jersey: some artificials 
are also apphed. In Thanet 10-15 tons per acre is 
appUed to lucerne and to market garden crops. 

Definite manurial trials with fresh seaweed as 
haided up in farm carts have been made in Scotland 
by Hendriet* and in Ireland by the officers of the 
Department*. The general result is that fresh sea- 
weed is not much inferior to dung, while there can 
be little doubt that dried weed powdered up would 
make an admirable concentrated fertiliser. 

' See Joum. Board of Agric, 1910, ivn. p. 468, for fuller details 
on the composition and nse of aeatreed as manure. 

' Tram. Highland and Agric. 8oc, 1898, p. 118. 

• Journ. of the Depl. of Agric. and Tech. Itielruetion, Jan. 1914. 
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(C) Waste PsODtrcTS fbom Manufactobies 

AND TOWHS 



Shoddy is the waste material turned out from the 
Yorkshire mills which tear up old cloth and woollen 
ra^s and make them into new cloth ; it consists of 
the fragments that are too small to be picked up by 
the machine. Three groups may be distinguished. 
The high grade contains 12 to 14 per cent, of nitrogen, 
it is pure and free from cotton or dirt, but is largely 
purchased for the manufacture of compound or patent 
manures. 

Table XVI. Effect of shoddy on crops. Bothamsted, 
Lit&e Hoosfield. Total produce per acre (un- 
manured= 100) 



Ist year after application 



Swedes Barley ^- I^P"^ Swedes 
1904 IWe' 8"^» ^' 1908 



Barley Wheat *'*"■ Wheat 
1&09 1910 ^™ ! 1912 ! 



Ist year after application 



1913 
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The medium grade contains 6 to 8 per cent, of 
nitrogen and is considerably admixed with cotton, dirt 
and sometimes oil : laj^er supplies are available and 
it is much need tn hop gardens. At Rothameted 
remarkahly good results have been obtained on farm 
crops, and the effect of the dressing even persists 
into the second and third years (Table XVI), 

The lowest grade is sometimes very poor, containing 
only about 3 per cent, of nitrogen, and should only 
be purchaBed when it can be had cheaply. 

Other waste products^. From time to time various 
nitrogenous or phosphatic substances are available as 
manure and can be purchased at fairly cheap rates. 
Their value depends on their composition and their 
mechanical condition : they should therefore only be 
purchased on analysis. The proper way of dealing with 
them would be to submit them to a preparatory grindii^ 
and mixing, but often the supplies are too small or too 
irregular to justify the erection of plant for the purpose. 

Hair, calf hair, etc., contains about 10 per cent, 
of nitrogen but is very slow to decompose in the soil 
especially in its usual long state: it should be only 
used when it can be obtained very cheaply and is in 
fair mechanical condition. 

Feathers containing about 9 per cent, of nitrogen 
are used with advantage in hop gardens, the small 
ones especially decomposing fairly quickly. On ■ the 
other hand large feathers only break down slowly, 
the shafts especially taking a long time to decay. 

Rabbit waste consists of the ears, feet, tail, etc., 
of the rabbit, and so far as the supply goes it is distinctly 
useful as manure and is improved by properly grinding. 
' DeBoribed in more detail in Botud of Agric. Lea&et, No. 116. 
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Leather waste. Boot leather waste has at timeB been 
offered to farmers, but it has never been shown to possess 
manurial value and should not be purchased, nor 
should it enter into the composition of a mixed manure. 
Unfortunately finely ground samples containing some 
7 per cent, of nitrogen are periodically offered for 
sale at about 38. oi 4$. per unit, and there is reason 
to believe that they are sometimes used in compound 
and patent manures to give a high nitrogen content, 
and an undeserved appearance of richness. This is 
the more regrettable as leather might probably be 
made a useful manure by suitable treatment. 

Soft leather scraps obtained from glove factories 
are in a different cat^ory, and find valuable application 
in market gardens in the glove districts of Worcester- 
shire : they are put into the soil with the young sprouts, 
cabbages, etc., at the same time of. setting out and 
afford a useful root run. 

Soot. Soot owes its manurial value to three pro- 
perties. It supplies nitrogen to the soil, a bushel of 
soot usually containing 1 lb. of nitrogen (mainly as siil- 
phate of ammonia) normally worth about Id. (p. 126). 
It contains some substance disagreeable to slugs and 
other pests, and it improves the physical conditions in 
the soil partly by ameliorating the texture and partly 
by the warming effect of its black colour. It is much 
used as a spring dressing for wheat, supplying both the 
nitrogen and the warmth that is then needed ; and it is 
also used for hops in Kent, quantities being sent for 
the purpose from Manchester and other northern cities^. 

' Kneoht has extracted a number of interesting componnda from 
Monoheatei Boot, tnoluding a parafBn C„H,, that 'a aJso present in 
beeewoi. Proe. Munch. Lit. and Phil. Soc., 1909, p. 49. 
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Sewage shidges 

Sewa^ sludges deserve special mention because the 
supply is considerable and is not likely to fall ofi in 
the future : they also have the advantage of returning 
to the land some of the fertiUsing materials that have 
been taken off to the cities. The sludge is usually 
prepared by some precipitating or settling process, 
and therefore contains only the insoluble compounds 
and not the soluble and valuable nitrates, anuuonia, 
etc. This indeed ia its weakness: it has been so well 
washed during the process of formation that it has 
lost much of its decomposable material. 

Various experiments have frequently been made to 
ascertain the manurial value of sludge, but the results 
have not been very satisfactory. The usual course of 
events is that farmers are first induced to purchase it 
but finally have to be paid to take it away. Methods 
have therefore been devised foi" improving the sludge, 
perhaps the commonest being to add a certain pro- 
portion of hme and then to force the mass into presses 
when it forms a cake containing roughly 50 per cent, 
of water, 15 to 25 per cent, of oi^anic matter and 
26 to 36 per cent, of mineral matter much of which 
is lime, and about 1 per cent, each of nitrogen and of 
PaOg. Several of these pressed sludges were tested 
on field crops during the years 1906-8, but the results 
were not good: only in the wetter districts of the 
North of England did they seem to have much value^. 
In some places, e.g., Glasgow, Kingston, etc., other 

' 6th Report of the Sewage CommisaioD, Sth Appendix, Cd. 4280t 
1908. A good Biimmori' is given in Jt/um. Board of Agric, 1908, XT. 
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materials are added to enrich the Bludge, whilst else- 
where a process ia at work to extract the fat, grease, 
etc., which in modem times have become too precious 



These products are sent out in good mechanical 
condition ready for distribution : but some of them 
suffer from the drawback that they are sold at prices 
considerably in excess of their real value. 



CHAPTER XII 

THE PURCHASE AND USE OF ABTIFICtAlj 
MANURES 

Thb British farmer has a fairly wide range of 
fertihsers to select from, and in addition he fertilises 
his land through the feeding stuffs purchased for his 
cattle. The supphes are regularised by the various 
syndicates, nevertheless there are market fluctuations 
of which farmers and co-operative societies should 
take advantage. Further, a large number of pro- 
prietary manures are on the market, the percentage 
analysis of which has to be declared^, and it is there- 
fore convenient to have a method by which one 
fertiliser can be compared with another to ascertain 
which Is the cheaper. 

The basis of comparison is the unit value. The 
unit value ia the cost of 1 per cent, per ton, and 
■it is obtained by dividing the cost of the manure by 

1 Under the Fertiliaere and Feeding StuSs Act, 1906, fall details 
of which are given in the Joam. Board of Agric, 1906-7, x. 13. 
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the percent^e of nitrt^en, potash or phosphate. 
Thus the unit value of nitrogen in nitrate of 8oda 
18 obtained as follows; 

Nitrate of soda contains 15 per cent, of nitrogen 
and costs £11 f.o.r. 

,■. 1 per cent, costs £|J per ton = 14s. 8d. 
and this is the unit price or unit value. So the unit 
value of nitrogen in sulphate of ammonia is 
price per ton _ £13_ 

percentage of nitrc^en 20 

In this case the sulphate of ammonia is the cheaper 
and would be purchased unless there were any special 
reason for choosing the nitrate of soda. 

The unit value of phosphate in superphosphate or 
in basic sla^, and of potash in the various potash 
fertilisers, is obtained in the same way. 

When manures contain two or more fertilising 
constituents it is obviously impossible to proceed 
entirely in this way, and certain conventions have to 
be adopted. It is assumed that the potash has the 
same value as in the potash fertilisers but that the 
phosphate has less value than in superphosphate, an 
assumption that is probably sound. The actual value 
assigned to the phosphate is usually about \8. Zd. 
to \s. Qd. according to the grade of the manure ; guanos, 
fish and meat meal ranking higher than steamed bone 
flour. After allowing for these two constituents one 
can proceed to calculate the unit value of the nitrogen : 

APeruvian guano containing^ 7 per cent, of ammonia, 
i.e., 5-8 per cent, of nitrogen, 30 per cent, of phosphates 
and 2 of KjO, was offered at £9. 12«. Qd. per ton f.o.r. 
' llie trade eiprp'wion. See pp. 132 and 136. 
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1 unit of phosphate is worth 1«. 9d. £ a. d. 

.-. 30 are worth 2 12 6 
1 unit of KgO is worth 4a. 6d. 

.-. 2 are worth 9 

The phosphate and K^O are worth 3 16 

.*. For 68 per cent, of nitrogen the 
dealers are asking £9. 12s. 6d. less £3. U.Qd. 6 11 
i.e., unit price asked = 22a. Id. 

This is higher than the price in nitrate of soda 
or sulphate of ammonia but the guano contains organic 
matter which is of considerable value to the soil. 

The .advantage of the unit system is that it at 
once enables a buyer to discriminate between a cheap 
and a costly article. The following is an actual illustra- 
tion: 

A proprietary manure containing 1-8 per cent, of 
nitrogen, 22 per cent, of phosphate, and 2 of KgO, 
was offered at £5, 5s. per ton. 

£ 8. d. 

22 units of phosphates are @ la. 5d. worth 111 

2 „ KaO „ . . 9 

The phosphates and KjjO are worth 2 

.'. For I'S per cent, of N the dealers are 

asking . . . . . . . . 3 d 

i.e., unit price asked = 36s. Id. 

which is clearly excessive. A further instance of exces- 
sive price for low grade manures is given in Table XVII 
and others can be found in the agricultural journals^. 

' See Vr Voelcker'a Beporta ia the Journal of the Royal AgricuUur^ 
Sceiely, and Board of Agric. Leaflet, No. 72. 

12—2 
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Table XVII contains unit values of the constituents 
of the commoner fertilisers. The term unit value is 
not very happy because these are not the value to the 
farmer, but the price he is invited to pay, which may 
be a very different thing : unit price would probably 
be a better term. 

Table XVII. Unit valite of nitrogen, potash and phos- 
phoric acid in various fertilisers and manures. 
[These quotations refer to the period prior to the 
ivar : they are for manures delivered to buyer's 
station, and are of course liable to variation accord- 
ing to the state of the market.'] 



Percentage compositioD 
N phosphate K,0 
Nitrate of eoda 15 — — 

Sulphate of 



Peruvian guano 6 
Pish „ » 

Meat „ as 

Rape cake 4-76 

Dried blood 12 

Horn 12 

Shoddy 12 

Two low grade 
manures (a) 1-8 
(6) 2 
Snperphosphate — 
Bade slag — 

20 
Sutphate, of 



Price per i 


ton, Cash j 


£11 10 





£12 10 





£10 6 





£9 2 




£7 10 





m 





£12 




£12 




id 




40/- 




£6 5 





£4 10 





B5/- 




37/- to 52/. 


£11 7 


8 


B7/6 





Unit value of 
N phosphate K,0 
15/4 — — 

12/6 — — 
24/- 1/8 4/6 



4/8 

Gardeners who buy in smaller lots may find it 
more convenient to work out prices per cwt. instead 
of per ton. 

Many dealers give the percent^es of ammonia 
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instead of nitrogen. Table XVIII is useful for the 
purpose of converaion : 

Table XVIII. Conversion of percentages of nitrogen 
to equivalent percentages of ammonia, and vice versa 

Ammonia to nitrogeu 

Equivalent 
Per cent, of per cent, of 



Mixed manures and proprietary articles. A farmer 
who knows precisely what mixture of manures he wants 
can get it made up without difficulty by the merchant, 
but for those who are uncertain what to use, there 
are advantages in purchasii^ mixed manures and a 
number of good articles are on the market. Before 
these are bought, however, the unit prices should 
be worked out as shown above and compared with 
the current prices of nitrate of soda, fish and other 
guanos, superphosphate and sulphate of potash. Some- 
thing must be allowed for the convenience of buying 
all the fertihser in one consignment, and for the cost 
of mixing, but there should not be a great difference 
between the price asked and that at which a mixture 
of good fertUisera containing the same amounts of 
nitrogen, potash and phosphoric acid could be made 
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up. Especially should the farmer beware of specious 
claims to subtle properties not shown by analysis, 
sometimes made to explain excessive charges. 

The unit system is not entirely satisfactory for 
mixed manures because the maker does not declare 
the components, and it is not possible to teU without 
an analysis whether he is getting his nitrc^en from 
fine leather dust at a very low price per unit, from 
shoddy at 6a. or 7s. a unit, from meat meals at 12^. 
a imit or from blood or high grade guanos at iOs. 
a unit. The analyst should be asked whether any 
quantity of leather dust or other adulterant is present 
(see p. 176). 

Manures for crops. No definite scheme for manuring 
crops can be given for universal use because of the 
varying factors of soil, climate, market prices, ajid 
available capitaJ, but certain guiding principles hold 
fairly generally and can be adapted to each locality. 

All of the fertihsing constituents, nitrogen, potash, 
phosphoric acid, lime and oi^anic matter must be 
apphed to the land in the course of the rotation. 
The nitr<^en being hable to loss should be distributed, 
a certain amount being added either each year or each 
alternate year: the other four constituents are less 
liable to loss and may be applied to any crop that is 
most convenient. The Saxmundham experiments show 
that equal financial returns are obtained wherever 
superphosphate is applied in the rotation, while nitrate 
of soda could not be used in this indiscriminate manner 
but gave better returns when applied to roots or wheat 
than to barley. In practice it is usual to give a good 
dressing to the root crop and lighter dressings to the 
intervening cereal crops. Care has to be taken, aho. 
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to avoid unequal intervals between dunging and fold- 
ing the land. The distribution of manure is often 
effected somewhat as follows: 

The root crop receives a mixture of farmyard 
manure Etnd a complete, dressing of artificials : phos- 
phates should preponderate in the mixture for swedes, 
turnips, rape, etc., while potash should form a larger 
proportion of the dressing given to mangolds, sugar 
beet, and potatoes. 

The succeeding cereal crop may be wheat or oats, 
in which case it may need a Uttle nitrogen in spring 
applied as nitrate of soda or of lime, sulphate of am- 
monia, etc, ; in late districts or wet seasons super- 
phosphate, etc., may be desirable to hasten ripening. 
When the roots have been folded and barley is to be 
grown, no nitrogen is needed but superphosphate must 
be applied to prevent rankness (see p. 133). 

The seeds may receive lime, basic slag or potash ; 
no nitrogen is usually necessary where the aftermath 
is folded off. 

The grazing land should periodically receive basic 
slag alone, or basic slag and kainit, while land laid in 
for hay should in addition receive an annual dressing 
of a nitrogenous manure such as sulphate of ammonia, 
nitrate of soda, etc, : every four years or so, however, 
dung should be apphed instead. Fig. 31 shows the 
results obtained at Rothamsted. 

No general recipes can be given for the composition 
of manures. At one time it was supposed that the 
ideal mixture was that represented by the composition 
of the ash as showing what the plant had actually 
taken from the soil. This is now known to be in- 
correct : the need for manures is determined not by the 
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composition of the plant bnt by its habit of growth and 
the conditions under which it lives. On any particular 



Fig. 31. Effect of manure" on the yield of hay. The Park, 
Rothamsted. (Average 67 yeare, 1S56-1912.) 
Plof« 3 A 12. Unmanured. 4-1. SuperphoHphate only. 

Plot 8. Superphoaphate, sodium and magnesium salts. 

„ T. „ „ ., + potassium salts. 

., 4-2. Super and ammonmm salts (86 lbs. N per acre). 
„ 10. Super and ammonium salts +Bodium and magnesium salts. 
„ 9. Super and ammonium salte + sodium and m^nesium nits 
+ pota8aium salts. 

farm the most suitable mixtures can only be discovered 
by trial ; several recipes can be drawn up on the 
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basis of the information already given, and the most 
suitable ones tested. The problem is considerably 
simplified in comities where a soil sm-rey has been 
made or systematic field experiments conducted. 

The actual amount of the mixtures that may be 
used is regulated by the following general rule: 

Additional manure usually gives extra crops {pro- 
vided it is suitable) but beyond a certain point the 
yield per cwt. of manure falls off, bo that the extra 
crop is obtained at higher cost per ton or per bushel 
than a smaller crop would be. This is known as the 
Law of Diminishing Returns, and it holds very genertilly ; 
it ia just as true for the horse power of a motor cycle 
as of the yield of wheat. Table XIX gives an illustra- 
tion from the Broadbalk plots at Rothamsted : 

Table XIX. Influence of increasing dressings of nitro- 
genous manures on. yield of wheat ; Broadbalk field. 
e 61 years, 1852-1912 







Increase 




Increase 






per 200 lbs. 




per 200 lbs 




Grain 


ammonium 
salts 


Straw 


ammonium 
salts 




buBhelB 


buaheU 


cwt*. 


cwts. 


Mineral manure alone 


14-5 




121 




Mineral manure + 200 










lbs. aromooium salts 


23-2 


8-7 


21-4 


93 


Mineral manure + 400 










Iba. ammomnm salts 


321 


8-9 


329 


U'5 


Mineral manure + 600 












36-6 


46 


411 


8-2. 


— _. . 


___ 




_ 






(See Figs. 2 and 32.) 
Thus for the first 400 lbs. of ammonium salts 
each 100 lbs. gives an additional 4J bushels of wheat 
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Total Produce 
per acre . 
70001b.- 



Fig. 32. Diagram showing effect of 



of nitrogenous 
the yield of wbeat, Broadbnlk 6e1d, Rothamst^d. 
(Average 61 yeara, 1852-1912.) 
Plots 3 ft 4. Unuianured. 

Plot 5. Potash and phosphates but no nitrogenous manure. 
„ 0. Potash and phosphates and sulphate of ammonia containing 
43 lbs. N per acre. 
7. Potash and phosphates and sulphate of ammonia containing 
86 lbs. N per acre. 
„ S. Potash and phosphates and sulphate of ammonia containing 

129 lbs. N per acre. 
The columns represent total prodaco per acre, but tiie figures in the 
diamond spaces give bnsbels of grain and cwts. of straw per acre. 
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and 5 cwts. of straw, tK^ether worth about 21a. : the 
dreBsing has therefore been profitable : when more 
ammonium salts are added the increase given by each 
100 lbs. is worth only about 12s. which is not profit- 
able. On other soils the point of diminishing profit 



A = Superphosphate. 
B = Mineral phosphate. 
C = Potash aalta. 
D — Basic slag. 
E = Nitrate of soda. 
F = Sulphate of ai 
O = Potash satts (ae 

potash). 
H = Artificial nitrogenoua 






Fig. 33. The world'a annual coneumption of artificial fertilisers (from 
pTOdiKiion et Consommaiion des Etigraia Ckimigiiea, Institut Inter- 
national d' Agriculture, Rome, 1914). 



Each of the abave columns i 



le read from the base line- 



may come somewhere else, but there always is such a 
point, and the farmer must be careful not to pass it. 

Applicatimi of artificial manures. The following 
points are to be remembered : 

Nitrate of soda should go on as a top dressing 
after the crop is up. 
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Sulphate of ammonia should go on just before the 
crop is up except in the case of wheat and winter 
oats, when it may be added as a top dressing in spring. 

Superphosphate, potasaic fertilisers and slag can go 
on whenever convenient but should be apphed not later 
than early spring. 

Labour may be saved by mixing the fertilisera when 
two or more are to be drilled in or distributed, but the 
following should not be mixed by the farmer : 

Basic slag, lime or chalk with sulphate of ammonia. 

Dissolved bones with nitrate of soda. 

The following can be mixed if they are appUed 
without delay: 

Superphosphate with nitrate of soda; dissolved 
bones with potash manures ; basic sl^ with kainit. 

All artificial manures have to be stored in a dry 
place and mixed on a hard dry floor. 

Kg. 33 shows the amounts of artificial manures 
now produced annually. 



CHAPTER XIII 

CHALK, LIMESTONE AND LIME 

Chalk is one of the oldest fertilisers in this country 
and was used by the ancient Britons in much the 
same way as is still done in parts of Hertfordshire 
to-dayi. 

It has two main types of action: it supphes basic 
material which is very necessary for the soil, and it 
I Fertility of the Soil, Cambridge ManuaU, for 
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improves the physical condition. The necessity for 
a base ia very definitely marked: in its absence the 
soil becomes " sour." Such soil is not well suited to 
plant growth and will not carry luxuriant crops : cer- 
tain weeds, however, grow well, notably sorrel on 
heavy land and spurry on light land. "Sourness" 
often arises through neglect, though it also comes 
when land lies waterlogged for a long time. The 
distinction between " sour " soil and sweet soil is 
very great, for "sourness" is not only inimical to 
plants but also to micro-organisms, and the differences 
seen in vegetation are probably no greater than those 
existing in the microscopic population of the two 
soils. Just as certain weeds turn up most commonly 
on " sour " soils so also do certain micro-organisms, 
such as Plasmodiophora which causes finger and toe 
in turnips and other plants of the Brassica tribe. 
Whatever the cause, the trouble can be put right 
by suitable dressings of chalk or lime. 

The alteration in physical condition has been more 
fully studied, but is still somewhat obscure. It is 
mainly attributed to the conversion of the deflocculated 
or sticky clay into the flocculated form. While either 
lime or chalk is in practice equally effective in bringing 
about this change they are not the actual agents con- 
cerned in the defiocculation, indeed chalk is inert while 
lime itself has the reverae effect, changing the floccu- 
lated to deflocculated clay {p. 23). The action is 
determined by the presence of a Uttle carbonic acid 
which always occurs in the soil. 

Of course where the bad physical condition is due 
to other causes chalk may be ineffective to put it right. 
The silty clays form a case in point {p. 103), 
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Lime difFers from chalk in two important directionB, 
It dissolves some of the organic compounds in the 
soil and apparently effects a certain amount of de- 
composition. This can be demonstrated by mixing 
50 grams soil with J to 1 gram of quick hme, adding 
200 c.c. of water and shaking well. An extract tinged 
with yellow or brown is obtained, which on analysis 
is found to contain oi^anic matter, potassium, and 
other substances. Thus addition of excess of lime 
to the soil may result in excessive decomposition 
and the loss of valuable plant nutrients. 

" Lime and lime without manure 
Will make both soil a*id farmer poor," 

as the old saying goes. One result of this decomposition 
apparently is to aid the work of the soil bacteria and 
to increase the production of plant food. The second 
difference between lime and chalk is that when tulded 
in sufficient quantity quick lime partially sterilises 
the soil, killing many of the bacteria, protozoa and 
other organisms^; later on the bacterial numbers rise 
very considerably, and produce increased quantities 
of ammonia and nitrates ; this stage coincides with 
the time at which the lime is converted into calcium 
carbonate. 

In common with many other substances lime and 
calcium bicarbonate are absorbed from their solution 
by certain constituents of the soil, and displace some 
of the substances previously absorbed. Thus lime 
causes the hberation of a certain amount of potash 
from the soil so that a dressing of lime is often equiva- 
lent to a dressing of potash. 

' HutchinBon and MacLennan, Joam. Agric. Sci,, 1914. vi. 302. 
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Quantity required. Lime and chalk are both con- 
verted into caleiiun bicarbonate in the soil and are 
then hable to be washed out. There are sources of 
production in the soil, but the general tendency is 
for losses to preponderate, and at Rothamsted they 
amount to some 800 lbs. of lime (CaO) per acre per 
annum on arable land but less on grass laud; very 
similar results were obtained by Hopkins in Illinois. 
This {kmoimt would be returned to the soil in 8 cwts. 
of good burnt Ume (85 per cent. CaO) or 15 cwts. 
of limestone or chalk and if this dressing were annuetlly 
given per acre there would be no diminution in the 
stock. Lime and hmestone cfui readily be had in a finely 
divided state, and can be put on with a distributor as a 
regular proceeding : 1 ton of lime or 2 tons of limestone 
are suitable quantities. Cob hme may be used instead 
of ground lime and is cheaper, but on the other hand 
it is more costly to spread. Chalk is not easy to grind 
and is usually appUed in lumps, less than 20 or 30 
tons per acre cannot conveniently be added so that 
regular dressings are not common, and it is only 
put on at long intervals when other work allows, 
, which means in practice that chalking is commonly 
neglected. There is no doubt that neither liming nor 
chalking is done as regularly as it should be, and that 
fertility is suffering in consequence. 

One of the first steps to be taken in improving 
run out land is to apply hme or chalk and in some 
countries facilities for doing this are afforded by the 
State: e.g., in Illinois limestone is ground at the 
State Penitentiaries and sold at a very cheap rate 
to farmers. Clay soils in particular stand in need of 
lirae, because of their tendency to become defiocculated, 
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but sandy soils also require dressinga because they 
readily become sour. 

Lime baa usually proved inferior to ground lime- 
stone in the long series of experiments at the Maryland 
Experiment Station^ and in the still longer series at 
the Pennsylvania Experiment Station^. Milbum and 
Gaut obtained simUar results in the Lancashire trials'. 
This inferiority, however, is sometimes outweighed by 
finother consideration: 1 cwt. of lime is equivalent 
to If cwts. of ground hmestone and this difference 
becomes important where freight is high. Limestone 
can be kept in bags but lime must be used as soon 
as possible. Instead of hme the farmer may sometimes 
be able to buy lime ashes cheaply, but he should only 
do this after an analysis has been made. 

Ground limestone or lime should be apphed in 
autumn or early spring and may with advantage be 
put on to the clover crop or to turnips: both crops 
respond well, indeed clover (and other leguminoase) 
win often fail when lime is deficient in the soil while 
turnips or swedes become liable to finger and toe. The 
potato crop, however, does not seem to benefit, and the 
liabihty to scab is considered by some practical men 
to increase after lime is applied, but more definite 
experiments are needed on the subject. Rhubarb. does 
not usually benefit. 

Chalk should be applied as early as possible in 
autumn so that winter frosts can disintegrate it and 
allow of a better distribution later on by means of the 
harrow : it is most conveniently applied to the leys. 

Even where Umestone does not mcrease the yield 
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of hay or grass land it may improve the herbage : 
this happened at Garforth, where sorrel was crowded 
out, and also in the Lancashire trials, where the bent 
grass was practically exterminated while the rye 
grass practicaUy doubled. 

Many limestones contain magnesia and are there- 
fore considered to be risky in use, but no British 
experiments have confirmed this view nor have those 
at New Jersey*. 

Mortar rubbish contains considerable quantities of 
calcium carbonate and should always be applied to 
gardens whenever it can be obtained : it not only 
benefits the soil but in virtue of its sand it helps the 
development of fibrous root. 

Gas lime may be used with advantage when rt can 
be obtained cheaply, but it can only be appUed in 
winter. The modem variety is less offensive than the 
old fashioned "Blue Billy" but it is leas useful as an 
insecticide in horticultural work. 

1 NeiB Jersey BviUUti, No. 267, lfll4. 
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Bow to take the aampU of soil. Owing to the 
position of the soil at different depths it is pftrtioularly necessary 
that the sample should always be taken to the aame depth and 
with a tool mining a clean vertical cut. Samples token with a 
spade are of very doubtful vtJue and do not justify any lengthy 
examination. The simplest l«ol is shown in Fig. 34 and consists 
of a steel tube 2 in. in diameter and 12 in. long, with a J in. slit 
out along it« length and all its edges sharpened. The tube is fixed 
on to a vertical steel rod bent at the end to a ring 2 in. in diameter, 
through which a stout wooden handle 
passes. A mark is made 9 in. from the 
bottom so that the baring process ean be 
stopped as soon as this depth is reached. 
On withdrawing the tool the core of soil 
is removed by a pointed iron rod. Five 
or six samples should be taken along 
lines crossing the field so as to get aa 
representative a sample as possible ; the 
whole bulk must then be sent to the 
laboratory. The student should care- 
fully learn how to do this so that he 
can take samples for himself. Samples 
should not be taken from freshly ploughed 
or recently manured land. 

The analysis. On arrival at the laboratory the soil is spread 
out to dry, and is then pounded up with a wooden pestle and passed 
through a 3 mm. sieve. The stones that do not pass through, 
and the fine earth that does, are separately weighed, and the propor- 
tion of stones to 100 of fine earth is calculated. Subsequent 
analytical operations are made on the fine earth. 

MoistKTe. Four or five grama of the soil are dried at 100° C. 
till there is no further change in weight. 

Organic matter. No accurate method of estimation has yet 
been devised. It is usual to ignite at low redness the sample dried 



Fig. 34. Soil borer. 
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as above. The lose includee organic matter, water not given oS 
at 100° C, and carbon dioxide from the carbonat«B; allowance 
may be made for the latter, but not for the combined water. 

Total nttroffen. Kjeldahl's method is almost invariably adopted. 
About 26-30 grams of soil ai« ground up finely in an iron mortar ; 
10-16 grams are then heated in a Kjoldahl flask with 20-26 co. 
of strong Bulphurio acid for } hour; then S grams of potosainm 
sulphate are added, and shortly after a crystal of oopper sulphat«. 
The heating is continued till all the black colour has gone. Then 
oool and dilute the mixture, transfer the fluid part to a distillation 
flask, but leave as much aa possible of the sand behind, and wash 
well to remove aU the adhering liquid. Add saturated soda solution 
till the liquid is strongly alkaline, distfl and collect the ammonia 
in standard acid. 

Nitrate. Place 100 grams of sdl in a stoppered bottle and 
shake weU with 100 o.o. of water. After waiting for the heavier 
particles to settle, decant some of the extract through a filter. 
Evaporate lOc.c. of the filtrate to dryness on a water-bath and 
add I c.c. of phenol solphonio acid (made by adding 5G'6c.c. of 
strong pure HgSOf to 4-5 o.o. of water containing 9 grams of 
phenol) to the residue, stirring well with a small glass rod. After 
10 minutes dilute with 25c.o. of water and add ammonia or caustio 
potash till alkaline to litmus paper. . If nitrate is present the solu- 
tion becomes bright yellow, the depth of the colour being pro- 
portional to the amount of nitrate. The colour should be compared 
witb that produced by 10 o.o. of a solution of nitrate of soda 
containing 10 parts of nitrc^en par million, i.e., '06 gram of the salt 
per litre. A safety {spette should be used for the phenol Bulphonio 

For more accurate work reduce the extract witb a zino-oopper 
couple, distil ofl the ammonia with standard acid and titrate. 

Carbonates are determined by tceating a weighed quantity of 
the soil with dilute sulphuric acid and estimating the carbon dioxide 
evolved. Large quantities can be determined rapidly and with 
sufficient aocuracy by the Soheibler apparatus, bnt mnoh better 
results are obtained by absorbing the COj in potash and determining 
the amount by titration. A simple apparatus is described by 
Hutchinson and MaoLennan in Joum. Agrie. Science, 1914, vol. n, 
p. 323. 

13—2 
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MirKral suhstanees. Complete analysis of a soil after the 
silicates have been decomposed and the siUca vohitilised by treat- 
ment with hydrofluoric acid ia only rarely attempted. The British 
method, adopted by the Agricultural Education AsBOciation, is 
thus described by Hall : " 20 grams of the powdered soil are placed 
in a flask of Jena glass, covered with aboat 70 o.c. of Btrong hydro- 
chloric acid, and boiled for a short time over a naked flame to bring 
it to constant strength. The acid will now contain about 20-2 
per cent, of pure hydrogen chloride. The flask is loosely stoppered, 
placed on the water-bath, and the contents aUowed to digest for 
about forty-eight hours. The solution is then cooled, diluted, 
and filtered. The washed residue is dried and weighed as the 
material insoluble in acids. The solution is made up to 250 o.c. 
and aliquot portions are taken for the various determinations. 
The analytical operations are carried out in the usual manner, 
but special care must he taken to free the solutioii from silica or 
organic matter." (Th^Soil.) As a rule only potash and phosphoric 
acid are determined, but where other bases are wanted they are 
estimated in the usual way. 

Polash. 60-100 c.o. of the solution are evaporated to dryness 
after addition of O'S gram of pure CaCO, if the original soil did 
not eServesce when HCl was added. 

Add 10 0.0. of 6 per cent, baryta solution, evaporate to dryness, 
ignite and take up with water, add 2'5 o.o. perchloric acid (sp. gr. 
1'12), concentrate till dense fumes are given ofi, allow to ooof, 
add 30 c.c. 95 per cent, alcohol and stir. Decant off the clear 
alcohol, add 40 c.c. alcohol containing 0-2 per cent perchloric 
acid, transfer to a tared filter paper, wash with 60-100 c.c. of 95 per 
cent, alcohol till the runnings are no longer acid, dry at 100°, and 
weigh as KCIO.. 

Phosphorie acid. The charred residue from which the potassium 
chloride has been removed is now extracted with hot dilute Hj80,, 
the filtrate and washings amounting to about 110 c.c. Add 26 o.c. 
of ammonium nitrate solution. Warm to 66° C, add 26 c.c. am- 
moninm molybdate solution also at 55°, stir, allow to cool «id filter 
after standing two hours. Decant through a filter: wash by 
deoantation with 2 per cent. NaNOj till the washings are neutral, 
transfer the precipitate to the beaker used for the precipitation, 
and add a known volume of standard alkali so that the precipitate 
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completely diBsoIveB. Meoauie the esoeBfl by titration using 
phenoIphthaleiQ as indicator. 1 0.0. of N/IO aJkaJi = 0003004 gm. 

AvailabU potash and pho^ihorie aeid. Dyer's direotions are 
as followB: 200 grtimB dry soil are placed in a Winchester quart 
bottle with 2 litres of distilled water in which are dissolved 20 grams 
of pure citrio ooid. The soil is allowed to remain in contact with 
the solution at ordinary temperataree for seven days, and is shaken 
a number of tiroes each day. The solution is then filtered, and 
500 o.c. taken for each determination; this is evaporated to dryness, 
and gently incinerated at a low t«mpeiaturo. The residue is dis- 
solved in hydrochloric acid, evaporated to dryness, redissolved, 
and filtered; in the filtrate the potash is determined as above. 
For the phosphoric acid determination the last solution is made 
as before, with the nitric acid; then proceed as above. 

Mtehanieal analyeia. I. Ten grams of the air-dry eculh, 
which has passed a 3 mm. sieve, are weighed out into a porcelain 
basin and worked up with 100 c.c. of N/6 hydrochloric acid, the 
aoid being renewed if much calcium carbonate is present. After 
standing in contact with the aoid for one hour, the whole is thrown 
upon a dried, tared filter and washed until free of acid. The filter 
and its contents are dried and weighed. The loss represents 
hygroscopic moisture and material dissolved by the acid. 

2. The soil is now washed ofi the filter with dilute ammoniacat 
water on to a small sieve of 100 meshes to the linear inch, the portion 
passing through being collected in a beaker marked at 10, 8-5 and 
7*5 cm. respectively from the bottom. The portion which remains 
npon the sieve is dried and weighed. It is then divided into "fine 
gravel " and " coarse sand " by means of a sieve with round holes 
of 1 mm. diameter. The portion which does not pass this sieve 
is the " fine graveL" This should be dried and weighed. The 
difference gives the " coarse sand." If required, both these fractions 
can also be weighed after ignition. 

3. The portion which passed the sieve of 100 meshes per 
linear inch is well worked up with a rubber pestle (made by inserting 
a glass rod as handle into an inverted rubber stopper), and the 
beaker filled up to the 8-5 cm. mark and allowed to stand twenty- 
four hours. The ammoniacal liquid which contains the " clay " 
is then decanted off into a Winchester quart. This operation is 
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repeated as long as any matter remaina in suspension tor twenty- 
four hours. The liquid oontaining the " clay " is flocoulated 
with hydrochloric acid. The dried residue conaiala of " clay " 
and " soluble humus." After ignition the reaidue gives the " clay " 
and the loss on ignition the " soluble humne." 

4. The sediment from which the " clay " has been removed 
is worked np as before in the beaker, which is Med to the 10 em. 
mark and allowed to stand for 100 seconds. The operation is 
repeated till the " fine sand " settled in 100 seconds is clean, when 
it is oolleoted, dried and weighed. 

5. The turbid liquid poured ofi from the " fine sand " is collected 
in a Winohester quart, or other suitable veBsel, allowed to settle, 
and the olear Uquid syphoned or decanted o&. The sediment is 
then washed into the marked beaker and made up to the 7 '9 cm. 
mark. After stirring, it is allowed to settle for twelve and a half 
minutes; and the liquid decanted off. The operation is then 
repeated as before till all the sediment sinks in twelve and a half 
minutes leaving the liquid quite clear. The sediment obtained 
is the " silt " which is dried and weighed as usual. The liquid 
contains the " fine silt," which, when it has settled down, can be 
separated by decanting off the clear hquid and dried and weighed. 

6. Determinations are made of the " moisture " and " loss 
on ignition " of another 10 grams of the air-dry earth. The sum 
of the weights of the fractions after ignition -f- loss on ignition 
-f- moisture + material dissolved in weak aaid should approximate 
to 10 grams. The sizes of the particles thus sorted out are as 
follows: 



Fine gravel 


■ Above 1 mm. 


Coarse sand 


. 1 to 0-2 mm. 


Fine sand . . 


. 0-2 to 0-04 m 


Silt 


. O^O* to 001 E 


Fme silt . . 


0-01 to 002 


Clay .. .. 


. Bebw 0-002 E 



Aiiolyns of n 

The following are the official methods commonly adopted in 
this country: 

Thoroughly mix the sample, and if possible, pass it through 
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a 1 mm, sieve. The percentage of moisture ia determined by 
drying a weighed sample at 100° C 

NiTBOoBK, (o) In tft< absence of ni^atM and ommom'um aatta. 
A weighed quantity of the sample is put into a Kjeldahl flask 
with 10 grm. of potassium sulphate and 25 c,c. of conoentrated 
sulphuric aoid ; the flask is heated till the contents become colourless 
or of a light straw colour. The operation may be accelerated by 
adding a aro&II crystal of copper sulphate or a globule of mercury 
to the liquid in the digestion flask. During the prixiess the nitrt^en 
compounds are converted into ammonia, the amount of which is 
determined by distillation into standard acid after liberation with 
alkali, and, where mercury has been used, with the addition also 
of sodium or potassium sulphide solution. A blank experiment, 
using I gram of pure augtu' in place of the sample, is made in order 
to give the amount of nitrogen present as impurity in the reagent« 
used, which amount must be deducted from the quantity found 
in the first experiment. 

(b) In preeenee of nitralet. A weighed sample is put into 
the Kjeldahl flask with 30 o.c. of concentrated sulphuric acid, 
1 gram of salicylic acid is added, and the flask shaken at intervals, 
but kept cool; then 6 grm. of sodium thioaulphate and 10 grm, 
of potassium sulphate are put in, and the flask heated till the cant«ntH 
are colourless or nearly so. The rest of the procedure is as b^ore. 

(e) Nitrogen as ammonia. Alkali is added, and the ammonia 
is distilled into standard acid as above. 

(i) Nitrogen as nitralet, ammonia and orgatac niU-ogea being 
ab»ent. 1 grm. of the sample is placed in a 500 c.c. Erlenmeyer 
flask with 60 c.c, of water. 10 grm. of reduced iron and 20 o.c. 
of sulphuric acid of 1-35 sp. gr. are added. The flask is closed 
with a rubber stopper pierced with a thistle tube the head of which 
is half-filled with glass beads. The liquid is boiled for five minutes 
and the flask ia then removed from the flame, any liquid that may 
have accumulated among the beads being rinsed back into the 
flask with water. The solution is boiled for three minut«s more, 
and the beads again washed with a little water. The ammonia 
ia then diatilled ofi and estimated as before. 

Phosphatbs. (a| SiAvble in toaier. 20 grm. of the sample 
are continuously shaken for thirty minuten in a litre flask with 
900 c.c. of water. The flask ia then filled to the mark, again ahaken, 
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and the contents filtered. 50 c.c, of the filtrate are hoUed with 
20 c.c. of concentrated nitric acid, and the phosphoric acid determined 
by the molybdate method below. 

(b) 8ot-ubh in 2 per cent, citric acid solution. 5 gnu. of the 
Bamplc are put into a stoppered bottle of about 1 litre capacity, 
and 500 c.c. of a aolution of citric acid, containing 10 grm. of the 
oryatalliBed acid, added. The bottle is ahaken in a mechanical 
shaker for thirty minutes. The solution in then poured all at once 
on to a large folded filter, and the filtrat« if not clear, passed through 
the same paper again. 60 c.c. of the filtrate are then taken and 
treated as directed below. 

(c) Toltil phosphoric acid. The nitric acid solution of a weighed 
quantity of the sample, aft«r destruction of the organic matter if 
necessary, and removal of the sihoa by suitable means, is treated 
as below. 

(d) The molybdaie method. To the solution obtained in (a), 
{b) or (c), which should contain -1 to -2 grm. of P,0„ 100 to 160 c.c. 
of molybdic acid solution are added, the whole warmed to 70° C. 
in a water'bath for 15 minutee, allowed tn cool, and filtered. The 
precipitate is washed first by decantation and afterwards 6n the 
filter paper with 1 per cent, nitric acid ; the filtrate and washings 
are set aside and tested with more molybdic acid. The precipitate 
is dissolved in cold 2 per cent, ammonia solution, about 100 c.o. 
being used for the purpose. 15 to SO c.o. of magnesia mixture are 
then added, drop by drop with constant stirring. After standing 
two hours, with occasional stirring, the precipitate is filtered off, 
washed with 2 per cent, ammonia, dried, ignited, and weighed 
as magnesium pyrophosphate. 

The molybdic add solution. 125 grm. of molybdic acid and 100 
cc. of water are placed in a litre flaak, and the acid dissolved by 
the addition, while shaking, of 300 c.c. of 8 per cent, ammonia. 
400 grm. of ammonium nitrate are added, the solution is made up 
to the mark with water, and the whole added to 1 litre of nitric 
acid (sp. gr. 1-19). It is maintained at about 36° G. for twenty- 
four hours and then filtered. 

Magnesia mixture. 110 grm. of orystalliaed magnesium chloride 
and 140 grm. of ammonium chloride are dissolved in 1300 o.c. of 
water, 700 c.c. of 8 per cent, ammonia are added, and the whole 
allowed to stand for several days and filtered. 
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Ammonia aoliOians. (1) 8 per cent. 1 volume ot anunonia 
solution of ep. gr. -S80 is mixed with 3 volumes of water and the 
solution adjusted bj addition of more water or ammonia tiU the 
sp. gr. ia -967, 

(2) 2 per oent. 1 volume of S per cent, ammonia ia mixed 
with 3 volumes of water. 

(Tliia is the official method; the titration method given on 
p. 196 is simpler and equally accurate.) 

Potash, (a) Muriate, free from sulphate. A weighed quantity 
ot the sample — 5 grm. of a high-grade, 10 grm. of a low-grade 
muriate — is dissolved in water, and the solution, filtered if necessary, 
made up to 500 o.c. To 60 c.c. of this a few drops ot hydrochloric 
,aoid and 10 to 20 c.c. of a solution of 10 grm. of platinio chloride in 
100 c.c. water are added. Evaporate over the water-bath to a syrup, 
treat with alcobolofsp.gr. -S64. Collect the precipitate on a weighed 
filter paper, wash with alcotol as abov?, dry at 100° C, and weigh. 

(6) Sails cotUaining aulphcUe. Boil a weighed quantity of 
the sample (5 to 10 grm.) with about 300 c.c. water and 20 c.c. 
hydrochloric acid in a 500 c.c. flask. Barium chloride is added 
drop by drop till precipitation of the sulphuric acid is complete. 
Any excess of barium chloride is then removed by careful addition 
of sulphuric acid. Cool, and make up to 500 c.a A portion of 
the solution is filtered, the precipitate washed, and the potassium 
in 60 CO. of the filtrate determined as above. 

(This is the official method: the perchlorate method on p. 196 
is simpler and equally accurate.) 

GuAHOs, Mixed Febtilisbrs, btc. 10 grm. of the sample 
are gently ignited to destroy organic matter, heated for 10 minutes 
with 100 c.c. of concentrated hydrochloric acid, and finally boiled 
with about 300 c.c. water. Filter into a 500 o.c. flaak, raise to 
the boiling point, and add a slight excess of powdered barium 
hydrate. Cool, make up to 500 cc, and filf«r. To 250 c.c. of 
the filtrate add ammonium hydrate and ammonium carbonate, 
and then, while boiling, a little powdered ammonium oxalate. . 
Cool, make up to 500 c.c, and filler. Evaporate 100 o.c. of the 
filtrate in a platinum dish, heat the residue first in an air-bath and 
then very gently over a low flame till all volatile matter is driven 
ofF, but keep the temperature below dull redness. Dissolve in hot 
water, filter and wash, determine the potash in the filtrate b« above. 
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CAMBRIDGE FARM INSTITUTE SERIES 

Gbheral Editors: Professor T. B. Wood, M.A., and 
E. J. RUBSRLL, D.Sc. 

The volumes of this series are intended to meet the needs of the 
many Fatra Inetitiiles already in eiiatenoe or about to be formed. They 
are intended for the aveci^fe student whose object is to farm, rather than 
for the exceptional man who niehes to become an agricultural expert. 

Everj eodeavour will be made to attain a high etaodard educationally, 
by training Bludentfl to tnke an intelligent interest in tlieir daily work 
and to appreciate the beauty of Uie common objects among which their 
life trill be passed. On the other hand the (act that farm students mast 
earn their living on the land nill not be lost sight of. 

Now ready 
Farm Accounts. By C. S. Orwin, Hon. M.A. Zx net. 
A Student's Book on Soils and Hanures. By 

E. J. BUSSBLI., D.Sc. 

In preparation 
Plant Life In Farm and Oarden. By Professor 

. B. H. BiFFEN, M.A. 
The Feeding of Farm Animals. By Professor 

T. B. Wood, M.A. 
Common I^lngUB and Insect Foes. By F. B. 
Pethebbhidoe, M.A'. 

CAMBRIDGE AGRICULTURAL 
MONOGRAPHS 

Obheral Editors: T. B. Wood and E. J. RusaELL 
Each volume of this series irill contain a summary of the present 
position on some particular aspect or branch of agricultural science by 
an expert of acknowledged authority. 

The treatment will be critical and impartial, and sufflcientlj detailed 
on all points of fundamental importance to be of use alike to all readers, 
but especially to those wbo are not in touch with an institution possessing 
a well equipped reference library. Full references will be given, and a 
bibliography attached for the benefit of those wbo wish to follow up any 
particular point. 

Now ready 
Inorganic Plant Poisons and Stimulants. By 'V!vni- 

fbedE. B»ENCHLEv,D.So.,F.L.S. RoyalSvo. With 19 illustrations. 
In preparation 
Poisonous Plants. By H. C. Long. 
The Strength of Wheat Flour. By Professor T. B. Wood, 

M.A. 
The Constitution of the Soil. By E. J. Russeli^ D.Sc. 
Disease Resistance. By B. H. Biffbn, M.A., F.B.S. 

[p. T, O. 
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SELECTION FROM THE GENERAL CATALOGUE 
OF BOOKS PUBLISHED BY 
THE CAMBRIDGE UNIVERSITY PRESS 
Itenons on Soil. By E. J. Bussell, D.Sc. (Lond.). 
Crown 8to. With 68 illaatrationg. la Sd net. Cunbridge Natare 
StQdy Series. 
The Fertility of the Soil. By E. J. Kussbll. Royal 
16mo. Cloth, It net ; leather, 2> &d net. Cambridge Manuals 

Brittoh Rust Fungi (Uredinales). Their Biology and . 

GtasBiSoatioD. B; W. B. Gkovb, M,A. Demy 8vo. With 290 
Sguces. 14t uet. 
Types of British Vegetation. By members of the 
Central Committee [or the gurvej and Study at British Vegetation. 
Edited bj A. G. Tanblbt, M.A., F.L.8. Crown 8vo. With 36 
plaMs and 21 figures. 6» net. 

The Production and Vtlllsatlon of Pine Timber in 

Oraat Britain. Fart 1. Production. B;B. B. Bordon, MA., and 

A. P. LoMo, B.A. 

No. 1. Sample Plots of Scots Pioe at Wobam. Dem; 8vo. 

Paper covers. 1- (W net. 
No. 2, Sample Plot of ScotB Pine at Eiog'e Lynn. Demy 8va. 
Paper covers, lid net. 
The Journal of Agricultural Science. Edited by 

B. H. BiPPKN, F.R.S., A. D. HiLL, F.K.8., E. J. Bubsell, D.So., 
and T. B. Wood, M,A. VoU. I, U, III, IV, V and VI now ready. 
In four parts, paper covers, ISs net per volume ; single parte, Bi net 
each. Bouod in buckram, 19* 6d net per volume. 

THE CAMBRIDGE BRITISH FLORA 

By C. E. MoHH, D.3c., F.L.S., assisted by specialistrB in certain genera. 
Illustrated from drawings by E. W. Hunnibun. This work will b« 
completed in about ten volumes. Volume II is cow ready. 
The Btylea of binding and tbe prices will be as follows : — - 

FublidiBd Fries Prloepei vo)iiioB 
per volume to aulvcriberft to 

Paper boards, with canvas back and paper 

label, each volume in two parts, tbe first 

containing tbe text and the second the 

plates £2 10< net £2 6i net 

Quarter morocco, in two parts divided as above £6 net £5 5i net 

Paper boards, with eanvas back and paper 

label, in one volume, the plates mounted 

on guards and bound interspersed with 

the text £3 net £2 16* net 

Quarter morocoo, in one volume, the plates 

mounted on guards and bound inter- 
spersed with Uie text . . . £6 net £fi 5i net ' 

Cambridge University Press 
C. F. <Jlay, Manager ; Fetter Lone, Ijoudon 
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THIS BOOK IS DVE ON THB LAST DAIS 
BTAUPED BELOW 

AN INITIAL FINE OF 25 CENTS 

WILL BE AHEMES FOR FAILURE TO RETURN 
THIS BOOK ON THB DATK DUE. THE PENALTY 
WILL INCRKABK TO BO CKNTB ON THB FOURTH 
DAY AND TO BI-OO ON TXE SEVENTH DAY 
OVERPUE. 
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